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PINION differs concerning the effects of certain drugs upon the 

coronary circulation.'. Do the xanthines increase coronary blood 
flow, and thereby lessen the tendency to anginal paroxysms in patients 
with coronary sclerosis ?*-** Do the nitrites afford relief by lowering 
systemic blood pressure, or is their action predominantly on the vessels 
of the heart ?**-*") Does digitalis, by causing constriction of the 
coronary arteries, increase the frequency and intensity of pain ??* 8° 
The evidence, assembled both in elinie and laboratory, is conflicting. 
In patients, so many factors are known to influence the occurrence of 
cardia¢ pain that the degree of discomfort, or the amount of effort re- 
quired to produce it, is unreliable as an index of the efficacy of a drug. 
The results of laboratory experiments are based upon observations 
made on normal animals, with the blood supply to the heart either 
undamaged or acutely obstructed. It seemed that if an objective, 
as well as a subjective, criterion could be applied in patients who 
suffered from anginal pain caused by an inadequate coronary cireula- 
tion, some light might be thrown upon these matters. 

In 1938, an apparatus was described for inducing oxygen want by 
enabling the patient to breathe a mixture containing a constant per- 
centage of oxygen at a rate comparable to that of the normal pul- 
monary ventilation.“* Early in 1939, using a mixture containing 10 
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per cent oxygen and 90 per cent nitrogen, changes were described in 
the electrocardiogram following the induetion of generalized anox- 
emia.** Criteria were evolved for normal and abnormal responses, 
and it was suggested that certain characteristic and definable altera- 
tions in the electrocardiograms could be used as an index of coronary 
insufficiency. In addition, a majority of the patients with spontaneous 
attacks of pain experienced similar discomfort within the twenty- 
minute period during which the low oxygen mixture was inhaled. 
These clinical observations have received support from the recent 
experiments of Leslie, Seott; Jr.. and Mulinos.** After ligation of a 


coronary branch in eats, the usual deviation of RS-T segments and 


modification of the T waves were noted in the eleetrocardiograms. 
When the form had returned to normal, at the end of from twelve to 
twenty-nine days, the induction of anoxemia resulted in the reap- 


pearance of ‘‘eoronary’’ complexes in every instance. 


METHOD 


Using the technique to which reference has already been made,*6 the effect of 
various drugs on the time of occurrence of pain and on the form of the electro- 
cardiograms was studied. The tests were performed, as a rule, at intervals of 
Several controls were made, to establish a standard response and to 


one week. 
No untoward effects occurred. The fol- 


accustom the patients to the apparatus. 
lowing drugs were given: aminophyllin (theophyllin-ethylenediamine), by vein; 
nitroglycerin; aminophyllin, by mouth; lactose; erythrol tetranitrate; and digitalis. 
Because of the relatively long duration of the changes produced in the electro- 
cardiogram by digitalis, this drug was the last in the series. Aminophyllin was 
chosen to represent the xanthine group because it is widely used, is available for 
intravenous injection, and has received favorable therapeutic comment. Erythrol 
tetranitrate was tested, in addition to nitroglycerin, on account of its prolonged 
effect. The subjects were unaware of the nature of the preparation given. 

The variability with which anginal paroxysms occur is well known. Many 
factors, notably the emotional status, character and amount of work, and diet, 
influence both their severity and frequency. Besides, over a period of months or 
years, spontaneous variations in the course of symptoms, either for better or worse, 
are common. Accordingly, a relatively short time was chosen for the use of each 
drug, and no change was made in the customary mode of life of the individual. 
No special attention was paid to his account of symptoms in the time between 
tests, except to inquire for possible evidence of drug toxicity. Six of the ten 
patients were unemployed. 

All tests were performed in the cardiographic laboratory, at least two hours 
after a meal, and with the room quiet and at a comfortable temperature. The 
patients were informed of the nature of the work and the reasons for repeated 
observations. All expressed interest in the results and cooperated willingly. 

A control electrocardiogram was taken at the beginning of each test, with the 
mouthpiece in place and the patient breathing room air. The electrodes, including 
the one on the precordium, were kept in place throughout each experiment. Ad- 
ditional records were made at intervals of five minutes, and immediately on the 
As soon as pain was felt the test was 


appearance of pain, when this occurred. 
stopped, and the patient was allowed to breathe pure oxygen for a minute. If 
there was no discomfort, the test was terminated at the end of twenty minutes. 
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The blood pressure was recorded at five-minute intervals during each test. Heart 
rates were computed from the graphic records. 

In serial electrocardiograms of patients with coronary sclerosis, taken over a 
period of weeks or months when no drugs were being administered, we have ob- 
served slight, but definite, changes in form, particularly in the T waves, without 
associated clinical evidence of cardiac infarction, or, indeed, of any circulatory 
disturbance of which the patient was aware. Such changes are often transitory 
and reversible within a short time. They probably are caused by alterations in 
the state of the coronary circulation. The level of the RS-T junctions tends to 
remain fixed, however, within narrow limits; a change of more than 1 mm. in any 
one lead is rare. For this reason, in addition to observing the effect of drugs 
on the time of occurrence of pain caused by induced anoxemia, the modifying 
action on the RS-T junctions in the four-lead electrocardiogram was studied.* 
This afforded an objective, as well as a subjective, index of effect. Deviation of 
the RS-T junction was taken as the difference in level between the point just 
preceding the initial deflection of QRS and the point immediately following its 
final defiection. The arithmetical sum of the RS-T deviations in all four leads, 
measured in millimeters, was used in the calculations. Changes in the form and 
direction of the T waves were also noted; but, though often striking, they did 
not lend themselves as readily to numerical calculation. 

In computing the changes caused by drugs, it seemed proper to compare 
records taken at like moments in each experiment. For example, if pain ap- 
peared after five minutes of anoxemia in the controls, the electrocardiogram taken 
at that time was compared with one made after five minutes in all subsequent 
observations, even though the onset of pain was delayed or hastened because of 
drug action. Occasionally, observations were not made at precisely the same time 
after beginning the test as in the controls; when this occurred, the figures were 
corrected in proportion to the differences in the elapsed time. Such corrections 
were slight, and did not materially modify the results. A similar method was 
followed in dealing with changes in blood pressure and heart rate. 

Because the functional state of the coronary circulation in a given individual 
is subject to variation, the results in the ten patients were pooled and averaged. 
In this way trends became apparent. 

Aminophyllin, in doses of 0.48 Gm. (7% gr.), in 20 ¢.c. of salt solution, was 
injected into the cubital vein during a five-minute period. The test was begun 
five minutes after the injection was completed. Two patients complained of a 
sense of warmth. Two had an intense desire to urinate before the test was completed. 

Nitroglyecerin was given in the form of a tablet of 0.0006 Gm. (Yoo gr.). The 
variety dispensed in tubes for hypodermic use was chosen because these tubes 
are tightly sealed. A fresh tube was opened every two weeks. The tablet was 
dissolved in the mouth after the control electrocardiogram had been taken; the 
induction of anoxemia was then begun immediately. 

Aminophyllin, in doses of 0.2 Gm. (8 gr.), was put up in a capsule in the hos- 
pital pharmacy. One capsule was taken three times a day, after meals, and a 


fourth at bedtime, for one week. One patient complained of ‘‘indigestion’’ and 
one of insomnia. The difficulty in getting to sleep was abolished by discontinuing 
the dose at bedtime in this ease. 

Lactose, in doses of 0.2 Gm. (3 gr.), was placed in a capsule exactly like that 
containing aminophyllin, and the same dosage was followed. 

Erythrol tetranitrate, in doses of 0.03 Gm. (% gr.), was taken by mouth after 
the control electrocardiogram was made. The anoxemia test was begun thirty 
minutes later, and was thus carried out during the period of the drug’s effectiveness. 

*The precordial lead employed was the one designated as IVF by the American 
Heart Association. 
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Digitalis, in doses of 0.1 Gm. (1% gr.), which is equivalent to 1 Hatcher-Brody 
cat unit, was given as a tablet three times a day on the first day and four times 
daily for the next three days, making a total ot 1.5 Gm. in four days. The 


test was performed on the fifth day. There were no symptoms or signs of toxicity. 


MATERIAL 


The observations were carried out on ten patients with coronary sclerosis who 
had been followed in the hospital and outpatient department for months or years, 
They were selected because there seemed no doubt as to the correctness of the 
diagnosis, and because they were dependable and willing to participate in the 
study. In one case, observations on nitroglycerin, ervthrol tetranitrate, and 


digitalis were not made because the patient moved out of the city before the 


series was completed. There were nine men and one woman. In age, they ranged 
from 47 to 69 vears (average, 59 vears). All suffered from spontaneous attacks 
of anginal pain and obtained relief from nitroglycerin. Three had hypertension, 
euch case, the 


control anoxemia tests showed significant changes in the electrocardiograms. Nine 
para 


one a healed myocardial infarct, and one aortic insufficiency. In 


of the ten patients experienced pain during the test; one, upon whom 
vertebral aleohol block had been performed eight vears previously, went the full 
twenty minutes without discomfort. Case summaries are given at the end of the 
paper. 
The results are based on eighty-six tests, and measurements of 739 electrocardio 
grams. 
RESULTS 
These are shown in Figs. 1 and 2. 
Aminophyllin, by Vein.—The dosage was from 7 to & me. per ke. 
of body weight. This caused a prolongation of 65 per cent in the time 
of appearance of pain. It is of interest that in one patient the pain 
appeared earlier than in the control. Perhaps the increase in cardiac 


work eaused by the drug was greater than the augmentation in coro- 
nary flow.*’ Deviation of the RS-T junctions was diminished by 58 


per cent. The T waves were modified significantly in seven of ten 
eases (Figs. 3 and 4). In a few instances, injection of the druge alone 
altered the form of the electrocardiogram (ies. 3 and 4). Injeetion 
of an equal amount of salt solution in two eases did not alter the eom- 
plexes. The heart rate decreased twice and showed no change eight 
times; in no case was the rate accelerated. The systolie blood pressure 
rose onee, fell three times, and did not change four times. There was 
no constant relationship between changes in heart rate or blood pres- 
sure, the occurrence of anginal pain, and deviation of the RS-T june 
tions. 

That the effects on pain and the electrocardiogram are caused by 
dilatation of the coronary arteries is suggested by previous observa- 
tions. Fowler, Ilurevitz, and Smith’? noted that, after ligation of a 
coronary branch in dogs and subsequent intravenous injeetion of 
aminophyllin, the zone of infarction became smaller and the degree of 


cyanosis at its margins was lessened. Mahaim and Rothhberger*® found 


that, after coronary artery ligation in the dog, the injection of euphyl- 
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Fig. 1.—Modifying effect of drugs upon the time of appearance of cardiac pain caused 
by induced anoxemia. 
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Fig. 2.—Modifying effect of drugs upon deviation of the RS-T junctions of the elec- 
trocardiogram caused by induced anoxemia, 


| 
| 
/ 


644 THE AMERICAN HEART JOURNAL 


lin (German aminophyllin), in doses of 23 mg. per kg., caused very 
little change in the color of the tissues surrounding the infaret. With 
double this dose, however, the infaret appeared smaller and cyanosis 
less intense. I'our minutes after the injection, cyanosis again became 
more marked. After ligation and subsequent injection of 26 mg. per 
ke., the electrocardiogram showed relatively little modification. With 
52 mg. per kg., the record returned to normal or approached it; but 
the effect passed off in two minutes. The authors concluded that 
euphyllin should be useful in the treatment of coronary insufficiency 
because it dilates the coronary arteries, but that relatively large doses 


are necessary and the action is of short duration. 


Cc D E F 
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Fig. 3.—Case 8. Male, aged 54 years. A, control. B, after anoxemia for seven 


minutes; pain. C, control. D, immediately after intravenous injection of 0.48 Gm. 
aminophyllin. Anoxemia then started. FH, after ten minutes, F, after twenty minutes; 
slight pain. 


Similar observations were made by Laubry, Soulié, and Laubry.*! 
They also noted, in dogs, that, in the neighborhood of an experimental 
infaret, collaterals dilated and became redder when aminophyllin was 
injected. The vasodilating action was maximal at the end of five min- 
utes. While these changes in color were taking place, the modifications 
in the form of the electrocardiogram caused by coronary ligation 


disappeared. This was particularly true of the high take-off of 
the T wave. The doses necessary to cause these effects were from 
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10 to 25 mg. per kg. In some experiments, the S-T intervals altered 
their direction and fell below the isoelectric level. Significant changes 
also occurred in the T waves, which sometimes increased to two or 
three times their normal amplitude. The duration of action was brief, 
usually two to five minutes; exceptionally, it persisted for twenty 
minutes. 

In dogs, using both intact animals and heart-lung preparations, 
Stoland and his associates*? found that the average duration of in- 
creased coronary flow after the injection of aminophyllin was 21.6 
minutes. They gave 5 to 6 mg. per kg., which corresponds to therapeu- 


tie doses in man. 


II 


tH] > 
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Fig. 4.—Case 9, Male, aged 52 years. A, control. B, after anoxemia for one and 
one-half minutes; pain. C, control: having spontaneous anginal attack. Intravenous 
injection of 0.48 im. aminophyllin given. D, immediately after completion of injection. 
Anoxemia then started. FE, after five minutes, F, after nineteen minutes; pain. 


t 


In patients, Frey and Ifess** observed, after the injection of deri- 
phyllin (another theophyllin-amine compound), a change of the T 
wave toward normal and abolition of bundle braneh block. The effects 
lasted for twenty minutes. Donath,** in one ease, reported disappear- 
anee of bundle branch block for several hours after the injection of 
ecorphyllamin (Austrian euphyllin). This he aseribed to dilatation of 
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the coronary arteries. In a second ease, transient bundle branch block 
could be made to appear, because, he believed, of an increase in heart 
‘rate caused by the drug. The increased work eaused by taehyeardia 
overbalaneed augmentation in coronary flow. 

One other effect of aminophyllin should be noted. Starr*®? has found 
that it increases cardiae output. Stewart* states that, in a dose of 
0.48 Gm.,“when injected intravenously into patients, it increases the 
cardiae output about 30 per cent within five minutes after it is given. 
This may be another factor in producing augmentation of the coro- 
nary blood flow.** 

Nitroglycerin.—This caused a prolongation of 51 per cent in the time 
of appearance of pain. Deviation of the RS-T junctions was dimin- 
ished by 47 per cent. The T waves were modified significantly in six 
of nine eases (Fig. 5). The heart rate increased in three, decreased in 
two, and was unchanged in four. The blood pressure rose in two, fell 
in six, and was unchanged in one. There was no constant relation- 
ship between these various effects which would: lead to the inference 
that they were dependent, one on another. Lengthening of the time 
of appearance of pain was by no means invariably accompanied by a 
fall in blood pressure; and the pressure oceasionally fell when the ap- 
pearance time of pain was not increased. 

That nitroglycerin dilates the coronary vessels was demonstrated 
hy Voegtlin and Macht® on isolated arterial strips, and by Meyer** 
and Schloss”* on the intact heart. There has been difference of opinion, 
however, as to whether the relief of anginal pain is a result of coro- 
nary dilatation, lowering of systemic blood pressure, or both.t. Our 
observations confirm those of Wayne and Laplace,.** namely, that the 
effectiveness of nitroglycerin is due to dilatation of the coronary ves- 
sels and is not dependent upon a fall in blood pressure. This is also 
the conclusion of Sollmann.*® 

The one case in which the tolerance for anoxemia was diminished 
should be mentioned. Several instances have been reported in which 
administration of a nitrite increased anginal pain.** *° It is probable 
that, in these patients, the rise in heart rate caused by the drug more 
than offsets the dilator effect on the coronary vessels. 

Aminophyllin, by Mouth.—Taken four times daily for a week, this 
drug caused a prolongation of 26 per cent in the time of appearance of 
pain. Deviation of the RS-T junctions was diminished by 32 per cent. 
The T waves were modified significantly in seven of ten eases. The 
heart rate increased in three, decreased in three, and was unchanged 


in four. The blood pressure rose in three, fell in one, and was un- 
changed in four. There was no constant relationship between heart 
rate and blood pressure and the other criteria of its effect. 


*Stewart, H. J.: Personal communication: to be published, 
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Both with respect to its action on the tolerance to anoxemia and 
modification of the electrocardiogram, aminophyllin by mouth was less 
effective than when it was given intravenously, and also less effective 
than nitroglycerin. It did, however, exert an appreciable influence. 
The concentration in the blood and tissues and the duration of action 
after oral administration are not known. Conceivably, when so taken 
in these doses, the drug exercises a dilator action on the copnary ves- 
sels when these are not too rigid because of disease, and when spasm 
of healthy collaterals is associated with sclerosis of part of the coro- 


nary bed. 


Fig. 5.—Case 8. A, control. B, after anoxemia for seven minutes. Pain. C, 
control. Nitroglycerin 0.6 mg. by mouth. Anoxemia then started. D, after seven 


minutes, KH, after twenty-one minutes; pain. 


Lactose.—No significant prolongation of the time of appearance of 
pain was observed. The increase of 2 per cent is negligible. Deviation 
of the RS-T junctions was diminished by 13 per cent. The T 
were modified in four of ten cases. The heart rate increased in two, 
The blood pressure 


waves 


decreased in three, and was unchanged in five. 
rose in four, fell in one, and did not alter in three. 

The results with lactose serve to control those noted with amino- 
phyllin by mouth. The differences, particularly in the pooled aver- 
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ages (Figs. 1 and 2), are definite. The difference of 13 per cent in 
RS-T deviation between controls and tests after administration of 
lactose may be taken to represent the approximate error of the method. 
It ean be accounted for, in part, by spontaneous variations, to which 
allusion has already been made. 

Erythrol tetranitrate—In contrast to nitroglycerin, this caused no 
significant prolongation of the time of appearance of pain. The devia- 
tion of the RS-T junctions was diminished by 26 per cent. The T waves 
were modified in four of ten cases. The heart rate increased in one, 
decreased in three, and was unchanged in four. The blood pressure rose 
in five, fell in two, and did not alter in two. <A fall in blood pressure 
occurred more frequently with nitroglycerin. The changes in the 
electrocardiogram, though not striking, were proportionately greater 
than the effect on pain, suggesting that the dilator action was not suf- 
ficient to modify appreciably the threshold for myocardial anoxia. 

Erythrol tetranitrate, although more slowly absorbed than nitro- 
its 


29 


elveerin, has a more prolonged action. According to Sollmann, 
effects appear only after half an hour and last from four to five hours. 
Its use has been suggested chiefly as a prophylactic against anginal 
attacks. Wayne and Laplace?* found it effective in only three of nine 
eases, in all of which there was an especially good response to nitro- 
elyeerin. This drug, therefore, is of limited clinical value. Tt may be 
expected to increase the amount of effort which ean be undertaken only 
in those eases in which this is already considerable. We have ocea- 
sionally found it helpful in preventing nocturnal attacks, by having the 
patient take a dose just before retiring.“ 

Digitalis—After the administration of 1.5 Gm. in four days, the 
usual changes in the RS-T junctions and T waves appeared in the 
electrocardiograms. With the anoxemia test, done on the fifth day, 
the time of appearance of pain was shortened by 9 per cent. The 
deviation of the RS-T junctions was diminished by 40 per cent. The 
T waves were modified in seven of nine eases. The heart rate increased 
in one, decreased in two, and was unchanged in six. The blood pres- 
sure rose in four, fell in one, and did not alter in four. 

The inereased susceptibility to pain in patients with coronary 
sclerosis after digitalis therapy has been stressed particularly by Fenn 
and Gilbert.** Gold and his collaborators,’ in a recent paper, have 
stated that in patients who have anginal pain without congestive fail- 
ure, the likelihood is negligible that the use of digitalis will, by a direct 
action on the circulation, increase or diminish discomfort. They also 
inferred that, because their patients were presumably unusually sus- 
ceptible to cardiae ischemia, digitalis rarely, if ever, produces effective 
constriction of the coronary arteries in man. 

Our results, though not striking, indicate that digitalis does, on oe- 


easion, increase the susceptibility to the pain induced by anoxemia. 
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On the other hand, the changes in the electrocardiogram suggest that 
coronary flow is increased, rather than decreased, by this drug. Too 
much emphasis cannot he placed upon the observed modifications of 
the RS-T junctions and T waves, because it is upon these portions of 
the electrocardiogram that digitalis itself exerts an effect. Whether 
the action of digitalis tends to lessen, or accentuates, changes in the 
form of the electrocardiogram which appear as a result of anoxemia 
is not clear. Other effects, notably alterations in cardiae output,*® may 
play a part in bringing about the clinical result. Regardless of the 
mechanism involved, it appears that in certain patients with coronary 
sclerosis who are subject to anginal attacks, digitalis lowers the 
threshold for discomfort. 


SUMMARY AND CONCLUSIONS 


1. The modifying action of certain drugs upon the time of appear- 
ance of pain and upon the form of the electroecardiogram was studied 
after induced anoxemia. The results of eighty-six tests in ten patients 
who were subject to attacks of cardiae pain caused by coronary 
sclerosis were pooled, averaged, and compared with controls. 

2. Aminophyllin, in doses of 0.48 Gin., injected intravenously, caused 
a prolongation of 63 per cent in the time of appearance of pain. RS-T 
deviation was diminished by 58 per cent. The T waves were modified 
in seven of ten cases. 

3. Nitroglycerin caused a prolongation of 51 per cent in the time 
of appearance of pain. RS-T deviation was diminished by 47 per cent. 
The T waves were modified in six of nine cases. 

4. Aminophyllin, when taken by mouth, caused a prolongation of 
26 per cent in the time of appearance of pain. RS-T deviation was 
diminished by 32 per cent. The T waves were modified in four of ten 
*ases. 

5. Lactose caused no significant prolongation in the time of appear- 
anee of pain (2 per cent). The change in RS-T deviation was like- 
wise small (13 per cent). The T waves were modified in four of ten 

6. Erythrol tetranitrate caused no significant prolongation in the 
time of appearance of pain (2 per cent). RS-T deviation was dimin- 
ished by 26 per cent. The T waves were modified in four of nine cases. 

7. Digitalis shortened the time of appearance of pain by 9 per cent. 
RS-T deviation was diminished by 40 per cent. The T waves were 
modified in seven of nine eases. 

8. There were no constant relationships between changes in heart 
rate, blood pressure, the occurrence of anginal pain, and changes in the 
form of the electrocardiogram. 

9. It would be premature to draw final conclusions concerning the 
possible value of aminophyllin in promoting the development of a eol- 
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lateral circulation through the myocardium in the presence of coronary 
insufficiency. The effects of an intravenous injection are of short 
duration, lasting, on the average, twenty minutes. But it appears 
that, when taken by mouth in adequate doses, the drug exerts a 
beneficial action in certain cases of cardiac pain by causing dilatation 
of the coronary vessels. The result probably depends, in part, upon 
the anatomic condition and physiologic state of the coronary cireula- 
tion. These vary in different patients, and in the same person from 
time to time. Criteria for the selection of suitable eases are not yet 
at hand; elinieal trial must, for the present, serve as the basis for 
procedure. 

10. Nitroglycerin dilates the coronary arteries of patients with 
coronary sclerosis; it is effective in relieving anginal pain for this 
reason, and not by virtue of the fact that it lowers systemic blood 
pressure. 

11. Erythrol tetranitrate, although it apparently causes slight 
coronary dilatation, is not effective in raising materially the thresh- 
old for eardiae pain. It is, therefore, of limited value in preventing 
cardiae pain caused by coronary insufficiency. 

12. Digitalis increases the tendency to pain in certain patients who 
are subject to anginal attacks. This effect does not appear to be due 
to coronary constriction. Whether it is caused by a modification of 
eardiae output, or by some other action of the drug, is not shown by 
these studies. 

ABSTRACTED CASE REPORTS 

Case 1—H. L. Unit No. 477070. A white man, a tailor, 65 years old, had 
had eardiae pain for three vears. This was mostly in the back, particularly under 
the left scapula, and in the back of the neck. It was relieved by nitroglycerin, 
and was never substernal. There was some question in the mind of the examining 
physician whether the discomfort was eardiae in origin. Examination showed 
no cardiac enlargement, either on percussion or in the teleoroentgenogram, The 
electrocardiogram showed slight notching of the R wave in the three standard 
leads. The blood pressure was 155/70. Roentgenologie examination of the gastro- 
intestinal tract showed nothing abnormal. The basal metabolie rate was normal. 
Roentgenograms of the spine showed no arthritis. 

The control anoxemia test caused pain after nineteen minutes. There were devia 


tion of RS-T in Leads I and IVF, and partial inversion of T in Lead IVF. 


CASE 2.—C. G. Unit No. 566187. A white man, 58 years old, an unemployed 
butcher, for eight years had had occasional precordial pain which was relieved by 
nitroglycerin. There had been pain in the epigastrium for six days before admission 
to the hospital. He also had cramps in the right leg on walking. Examination 
showed no cardiac enlargement. The blood pressure was 102/58. The electro- 
cardiogram showed sinus bradycardia, with a rate of 48. There was notching of R, 
and RK in Lead IVF. The T wave was upright throughout, but was of low amplitude 
in Lead I. Roentgenologie examination of the stomach suggested the possibility 
of duodenal ulcer. Gastroseopic examination showed duodenitis and questionable 
duodenal ulcer. The epigastric discomfort improved greatly with treatment. 


The control anoxemia test caused pain after three and one-half minutes. There 


were RS-T deviation in Leads IT and IVF, and inversion of T in Lead LVF. 
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CASE 5.—A. S&S. Unit No. 459692. A white man, an unemployed cigar maker, 46 
years old, complained of having had precordial pain for six weeks. He had been 
under observation for a number of years. The diagnosis was eosinophilic adenoma 
of the pituitary gland, with acromegaly, and toxic, nodular goiter. A partial thyroid 
ectomy was done in November, 1935 (3 years before these cardiae studies were 
made). The heart was slightly enlarged to the left. The blood pressure was 120/86. 
The electrocardiogram showed slight left ventricular preponderance. T,, T., and T in 
Lead IVF were upright; T, was inverted. 

The control anoxemia test caused pain after sixteen minutes. There was RS-T 


deviation in Leads LT and IVF. There was no significant change in the T waves. 


CASE 4.—J. H. H. Unit No. 466904. A white man, a clerk on home relief, 68 
years old, had had cardiae pain for three and one-half years. There was no cardiac 
enlargement on percussion or in the teleoroentgenogram. Roentgenographically, the 
aorta Was seen to be tortuous. Typical, free, nonsyphilitie aortic insufficiency was 
present. The blood pressure was 210/50. The electroecardiogram showed only left 
ventricular preponderance. He probably had had a small coronary occlusion three 
years before the cardiae studies were made. At that time there was deviation of 
RS-T in Lead IT; there were progressive changes in T, and T in Lead IVF. 

The control anoxemia test caused pain after eleven minutes. There were RS-T 


deviation in Lead IVF, and partial inversion of T in Lead LVF. 


CASE 5.—H. C. Unit No, 249119. A white man, 57 vears old, an unemployed 
restaurant keeper, had had eardiae pain and dyspnea for seventeen years. He was 
given «a paravertebral injection of aleohol in May, 1930, which was followed by 
partial relief. The patient also had hyperthyroidism, for which radiotherapy was 
given in 1930 and 1931, with return of the basal metabolic rate to normal and clinical 
improvement. In July, 1937, he had a coronary occlusion. Serial electrocardiograms 
had shown progressive changes in form since that date. The heart was moderately 
enlarged, the aorta dilated and tortuous. T, was inverted, T, diphasic, T, upright, and 
T in Lead IVF inverted. The blood pressure was 124/68. He was having only 
mild precordial discomfort on exertion. 

This was the only patient who did not experience pain during induced anoxemia. 

However, in the control tests, RS-T deviation occurred in Lead I, and the direction 


of T, and T in Lead IVF became reversed. 


Case 6.—H,. A. Unit No. 376068. A white man, 69 years old, a retired stationary 
engineer, had had cardiac pain and dyspnea on exertion for six years, The heart was 
not enlarged. The blood pressure was 135/75. The electrocardiogram showed only 
left axis deviation, 

The control anoxemia test caused pain in seven minutes. There were RS 
tion in Leads I and IVF, and partial reversal of T,, with complete reversal of T in 


Lead IVF. 


-T devia- 


CaAsE 7.—B. S. Unit No. 360149. A white man, 65 years old, a salesman, had had 
cardiac pain for six years. <A teleoroentgenogram showed moderate left ventricular 
enlargement and a tortuous aorta. The electrocardiogram showed an inverted T, 
and a diphasie T,. The blood pressure was 166/80. 

The control anoxemia test caused pain in ten minutes. There was RS-T deviation 
in Leads Land IVF. No significant change occurred in the T waves. 

Casgé 8.—T. H. Unit No. 542971. A Japanese, 54 vears old, an unemployed chef, 
had had eardiae pain on effort for eighteen months, <A teleoroentgenogram showed 
slight enlargement of the heart, with moderate dilatation of the aorta. The electro 
eardiogram showed that T, was isoelectric, that T in Lead IVF was inverted, and 
that left axis deviation was present. The blood pressure was 148/84. 

The control anoxemia test caused pain in seven minutes. There were RS-T devia- 


tion in Leads I and IVF, and partial reversal of the T in Lead I. 


652 THRE AMERICAN HEART JOURNAL 


CASE 9.—IL. R. Unit No. 473417. A white man, 52 years old, formerly the manager 
of a cafeteria, was now doing oftice work for the Works Progress Administration. 
Cardiae pain had begun four years earlier, and increased in severity. Hypertension 
was known to have been present for 20 years. The blood pressure was 210/120. <A 
paravertebral injection of alcohol was given in November, 1986, which was followed 
The symptoms were aggravated in 1958 


by partial, though never complete, relief. 
The electro- 


by the loss of his job and the necessity for performing physical work. 
eardiogram showed varying amplitude of the T waves, but no evidence of serious 
myocardial damage. A teleoroentgenogram showed a slight increase in the transverse 
diameter of the heart, with moderate dilatation of the aorta. 

The control anoxemia test caused pain in one and one-half minutes. There was 
RS-T deviation in Leads I and IVF. In this short time, the T waves were not 


modified. He died in the hospital of acute coronary occlusion, three months after 


these studies were completed. 


Case 10.—L. M. Unit No. 504326. A white woman, 60 years old, a housewife, had 
had cardiae pain for eighteen months. The heart was moderately enlarged to the 
left. The electroecardiogram showed a disphasie T, and inversion of T, and T,. The 
blood pressure was 110/80. 

The control anoxemia test caused pain after seven minutes. There was RS-T devia- 
tion in Leads [ and IVE. There was no reversal in the direction of the T waves. 
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ARTERIOSCLEROSIS OF THE CORONARY ARTERIES AND 
THE MECHANISM OF THEIR OCCLUSION 


Henry Horn, M.D., ANp Leonarp E. FINKELSTEIN, M.D.* 
New York, N. Y. 
INTRODUCTION 

Hit reeent advances in our knowledge of diseases of the coronary 

arteries have effected a reconsideration of the subject of arterio- 
sclerosis. Old beliefs have been re-emphasized and new concepts pro- 
posed concerning the pathogenesis of arteriosclerosis, particularly of the 
coronary arteries, and the mechanisms involved in thrombosis of these 
vessels. The question of intramural vaseularization—its morphogenesis, 
its association with arteriosclerosis, its causal relationship to intramural 
hemorrhage—has been posed, and, to some extent, answered. For many 
years the formation of a thrombus on an arteriosclerotie plaque was con- 
sidered the sole cause of coronary closure. Studies of the last few years, 
however, have indicated that intramural hemorrhage in a selerotie artery 
is an important factor in the production of such a lesion. This has been 
identified either as an immediate etiologic factor in acute occlusion by a 
massive intimal hematoma, or as a precipitating agent in thrombosis of 
the lumen of the vessel. In view of the former, clinically, at least, if 
has become no longer strictly correct to speak of that eatastrophie inei- 
dent in arteriosclerosis of the coronary arteries as ‘‘acute coronary 
thrombosis,’’ but rather as ‘‘aeute coronary ocelusion,’’ and it appears 
that the ultimate differentiation must rest entirely upon the histologic 
interpretation. In view of the latter, it is important to ascertain, in a 
large group of eases, the frequeney of occlusion caused by intramural 
hemorrhage, and to compare it with the incidence of occlusion due to 
other causes. 

It is our purpose in this paper to evaluate objectively and critically 
the above problems and factors as they occur in a series of 100 unselected 
autopsy cases of acute occlusion of the coronary arteries. The clinical 
and forensic implications of these questions are patent. In addition, 
we shall review briefly the pertinent literature. The results of the study 
of the more general features of acute coronary artery ocelusion and 
myocardial infarction will be presented in a subsequent publication.’ 

From the Laboratories of The Mount Sinai Hospital, New York City. 

Read in part at the Annual Meeting of the American Heart Asseciatiecn, St. Louis, 
May, 1939. 


*Theodore Escherich Fellow in Pathology. 
Received for publication Oct. 1, 1939. 
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MATERIAL AND METHODS 


The material included in this study consists of 100 hearts which at autopsy 
showed evidence of recent occlusion of the coronary arteries, either by thrombosis 
or by massive hemorrhage into their walls, or both. Particular attention was paid 
to the relative importance and frequency of intimal hemorrhage and of primary 
thrombosis on an arteriosclerotic plaque in the pathogenesis of coronary artery 
occlusion, and also to the relationship between the extent of mural vascularization, 
hemorrhage, and arteriosclerosis, The nomenclature employed in this investigation 
was adopted from Spalteholz? and Gross.3 

The coronary arteries and their branches (Table 1) were sectioned transversely, 
at intervals of one to three millimeters, after fixation in formalin or Kaiserling 
or Jores solutions. Sections were made serially, or at very close intervals, for 
microscopic study of all arteries showing occlusion, of all vessels in which there 
was gross evidence of thrombosis, and of some of the arteries with nonoccluding 
intramural hemorrhage. Many segments were also taken for histologic examination 
from coronary arteries which showed variable degrees of arteriosclerosis. All blocks 
were embedded in paraffin. It is to be noted that in a fixed heart the vessels occa 
sionally contain coagulated blood elements, which is a consequence of fixation. 
When such an area was discovered, it was routinely examined microscopically to 
ascertain whether or not ante-mortem thrombosis of the vessel had occurred, The 
Weigert-elastica 
fibrin, and 
All of the 


histologie preparations were stained with hematoxylin-eosin; the 
Van Gieson combination, the Lepelhne hemoglobin stain, the Weigert 
the Bielschowsky silver impregnation method were used when indicated, 
hearts were examined by us personally. 

We also investigated the relative frequency of arteriosclerosis and recent occlu- 
sion of the various portions of the coronary artery tree. The degree of arterio 
ascending aorta and sinuses of Valsalva and the 
The latter 


sclerotic involvement of the 
relationship of such changes to the coronary Ostia were «ascertained. 
data will be the subject of a subsequent report.1 
DISTRIBUTION OF ARTERIOSCLEROSIS 

In general, many portions of the arterial tree, except the intermus- 
cular branches, revealed varying degrees of arterioselerotic thickening. 
In eighty-five instances the anterior descending branch of the left coro- 
nary, and, in seventy-one eases, the left circumflex artery showed severe 
intimal thickening and a corresponding degree of narrowing of the 
lumen. The right coronary artery was found to be severely affected by 
arteriosclerotie changes in seventy-six instances. The anterior descend- 
ing branch of the left coronary artery most commonly disclosed severe 
sclerotic changes, but when these data are subjected to statistical inter- 
pretation according to the ‘hypothesis of equal frequencies,’’ it becomes 
evident that these slight numerical variations are not significant. Hence 
it may be stated that severe arteriosclerosis occurs in these three major 
vessels with equal frequency. 

It is interesting that, with respect to the secondary coronary branches, 
in forty-eight cases the primary division of the anterior descending 
branch of the left coronary artery showed severe arteriosclerosis, whereas 


in twenty-six instances this was present in the branch of the left coro- 
nary artery which runs to the obtuse margin of the heart. The degree 
of involvement of the remainder of the main arterial stems and their 
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branches is indicated in Table i. These observations are in accord with 
those of Wolkoff* and Clawson.’ Although arteriosclerosis is known 
usually to produce characteristic narrowing of the lumen of the segment 
ot artery affected, there were three instances of diffuse ‘‘tubular’’ dilata- 
tion of the lumen despite definite arteriosclerotie involvement. Karsner® 
and Kutschera-Aichbergen’ have also alluded to this possibility. 

The lack of thickening of the intermuseular branches of the coronary 
arteries in arteriosclerosis has been noted by Wolkoff,* Saphir, et al.,” 
Bork,'? Glomset,"! and by us. Sutton and Brandes,'? however, deseribed 
sclerosis of intermuscular arteries in forty-two of their forty-nine cases 
of coronary arteriosclerosis. Only when there was widespread scarring 
of the myocardium did we note, in our series, any sclerotic involvement 
of the intermuseular divisions—and this was observed only in the vicin- 
itv of the sear. In but four eases did we find a moderate degree of 
arteriosclerosis of intermuseular arteries unassociated with any neigh- 
boring fibrosis. 

MORPHOLOGIC CHARACTERISTICS OF ARTERIES 

Microscopie study of the arterial walls revealed the well-known changes 
caused by arteriosclerosis.* The intimal layer was most 
commonly and most severely affected. There were variable degrees of 
fibrotic thickening, fatty changes, collections of large fat-bearing macro- 
phages, so-called atheromatous ‘‘abscesses,’’ foei of calcification, and, 
oceasionally, definite bone formation. 

Distribution of Intramural Vascular Tree—Associated with the 
sclerotic plaque there were cross sections of capillaries which traversed 
hoth degenerative and fibrotie zones and also appeared along the borders 
of ealeifice or bony plates. The number of capillaries varied greatly. 
They appeared most abundant in places where the fibrosis of the intima 
was only moderate and loose, and in the neighborhood of fatty plaques. 
Frequently, delicate capillary channels were found interspersed among 
the fatty vacuoles and between fat-bearing macrophages. The mural 
channels were least common in the vicinity of ealeified and ossified 
plaques. In one ease of bone formation, however, the capillaries were 
abundant. The arterial intramural vessels were extremely sparse, and 
occasionally totally wanting in the region of an atheromatous *‘abseess.”’ 
Here their paucity was characteristic and macroscopically predictable, 
and it appeared to us that the extent of such ‘‘abseess’’? formation was 
inversely proportional to the degree of vascularization. Leary'® 
noted the presence of such atheromatous ‘‘abseesses’’ (‘‘atherocheuma’’ 
—Leary) particularly in older persons, and attributed their formation 
to a decreased nutritive supply and to the absence of fibrosis. He ex- 
pressed the opinion that secondary rupture of these abscesses into the 
lumen of the artery was followed by thrombosis. Ife maintained, fur- 
ther, that in vounger persons the tendeney to fibrosis of the original 
intimal lipoid accumulations was greater, and that these large neerotie 


lesions, therefore, do not oeeur. 
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Although atheromatous abscesses are more common in the aged be- 
cause arteriosclerosis is usually more advanced in this group, we have 
also observed that they occur in younger persons. In both groups there 
appeared to be the same inverse quantitative relationship between the 
extent of vascularization and the degree of intimal degeneration and 
necrosis. It becomes apparent that when intimal vascularization does 
not keep pace with fatty change and fibrous intimal thickening, the 
nourishment of the plaque will become so impaired that necrosis of the 
area must ensue (Fig. 1). Bruenine’® offered the view that in a normal 
artery the intima is nourished from the lumen, whereas in arterio- 
sclerosis, when thickening of the intima has occurred, there is an in- 
creased demand of the intima for nourishment from the vasa vasorum, 
and that interference with this souree of supply may induce intimal 
necrosis. Jucker,!® on the other hand, did not attribute much etiologic 
significance to the vascular supply in the formation of such foei of 
necrosis, but felt that the necrosis of the intima in arteriosclerosis was 
the direct effect of a toxic agent. In evidence of such a contention, per- 
haps, is the well-known, widespread ovcurrence of arteriolar necrosis in 
cases of malignant hypertension. Whether or not these are related to 
a primary, severe, spastic, vascular phenomenon, with concomitant 
ischemia of the wall, or are the sequelae of a direct toxie mechanism, 
has not yet been ascertained in these eases. We believe, with Klemperer 
and Otani,”° that the former is the more significant factor. 


Fig. 1.—Low power photomicrograph shows the relationship of the vascular supply 
to severe intimal degeneration. Note the conspicuous. absence of vascularization in 
the region of the “abscess” and rich vascular supply of the opposite fibrotic plaque. 

The question of the distribution of the capillary circulation of the 
arterial wall has lately come into prominence as a result of the work of 
Leary, Paterson, Winternitz and his co-workers, and Wartman.  Al- 


: 
— 
a 


660 THE AMERICAN HEART JOURNAL 


though it has long been reecognized*' that there is a vaseular pattern 
within human vessels, the significance of such a network within the walls 
of arteries has been clarified only within reeent years. Capillaries 
stemming from the vasa vasorum have been deseribed within the outer 
layers of the media in the medium-sized arteries of man,?* 7° and have 


26 8 


been observed by a few within the inner portions of the media.** 
The majority of investigators, however, favor the view that in the nor- 
mal artery there is no distinet intimal eapillary circulation, and that the 
nutrition of the intima is furnished primarily by imbibition from the 
main lumen, and secondarily. from the vessels which have penetrated 
the medial layer.** It has been generally coneeded that this distribu- 
tion of capillaries oceurs in the walls of normal arteries, and that only 
oceasionally may vessels derived from the medial vasa penetrate into 
the intimal layer in healthy vessels.** Gross and his eo-workers,*" 
however, have stated categorically that vasa vasorum are not found 
within the media of normal arteries. Our own studies have confirmed 
this opinion. We did not encounter any instanee of a normal artery 
in which medial capillaries were histologically demonstrable. 

A number of observers*® ™ * ** have referred to the vascularization 
of fibrous intimal plaques and the media of the arteries in arterioselero- 
sis, and have looked upon such a development as part of the arterio- 
sclerotic process. More recently, Leary'® described an intimal 
network which communicated with the main arterial lumen in four of 
twenty-one eases of arteriosclerosis which he studied. Paterson, in a 
number of reports,** **** has emphasized the significance of the vas- 
cular pattern within the walls of sclerotic arteries and its relationship 
to thrombus formation. The etiologic association of an intramural 
capillary circulation with diseases of the vessel wall had been previously 
alluded to by Risse,?! Koester,** *° and others.?* 2% 22) 38) 5% 4% 41° These 
investigators were of the opinion that either inflammatory vascular 
lesions or arteriosclerotie degenerative changes, or both, were caused by 
interference with the blood supply from the vasa vasorum. [or a com- 
plete discussion of the development of the earlier anatomic and etiologic 
concepts of an intramural vascular circulation the reader is referred to 
the review by Ramsey.” 

Winternitz and his co-workers*': * have written a monograph on the 
relationship between vascularization and arteriosclerosis. These au- 
thors, as a result of their own studies, and the recorded observations of 
the existence of a rich intimal eapillary cireulation in the arteries of 
animals, have assumed that a similar network exists within the intima 
of normal human coronary arteries, although they stated that technical 
methods have not been sufficiently developed to demonstrate it. Using 
this assumption, together with their observations on man, Winternitz 
and his associates formulated the belief that vascularization may pre- 
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cede the development of arteriosclerosis, and that the alterations in this 
vascular supply may oceur prior to the degenerative processes within 
the intima. 

In a large number of cross sections of normal coronary arteries which 
we examined in an attempt to determine morphologically the distribu- 
tion of a capillary cireulation, we never observed intimal vascular chan- 
nels. Whenever vascular channels were found within the intima we 
could always prove that sclerotic alterations were present. This is in 
agreement with the observations of Leary, Paterson, and others.** *° It 
should be stressed at this point that the vascularization which is noted 
in the region of intimal plaques is often so prolifie that capillary over- 
growth may occur, with extension of the newly formed vessels from the 
sclerotic to the adjacent unaffected portions of the artery. Conse- 
quently, before the possibility of the existence of intramural channels 
in so-called normal sections of the arterial wall can be accepted unequiv- 
ocally, it is essential to investigate the status of the neighboring zones. 

Winternitz and his associates have further suggested that the lipoid 
deposits situated within the intima may be derived from extravasated 
blood, and that the primary change, therefore, is caused by alterations 
in the mural vascular tree. As was previously intimated by Aschoff,?* * 
Bork,'’ Wolkoff,t Ehrich and his coworkers,** and Leary,'® the impres- 
sion was gained in our studies that intimal lipoidosis or thickening is 
the earliest alteration in the intimal collagen, and that it occurs pri- 
marily without any relationship whatsoever to previous vascularization 
or hemorrhage. Like others*® ** before us, therefore, we have come to 
consider vascularization of the intima. and also of the media, as a re- 
sponse to the degenerative and proliferative phenomena of arteriosclero- 
sis, and that vascularization of the intima never antedates the ineeption 
of the arterioselerotie process, but is always its sequel. 

In this connection it is essential to reeall that the entire wall of the 
human pulmonary artery is well supplied with blood vessels,*! vet 
arteriosclerosis of any extent in this artery in the absence of increased 
pulmonary arterial pressure*® or diabetes mellitus is exceedingly un- 
common. Furthermore, although the walls of veins are richly supplied 
with capillaries throughout the various layers,?* the incidence and 
extent of phlebosclerosis are far overshadowed by sclerosis of the arterial 
tree. If the intramural circulation were basically at fault, one would 
certainly expect the reverse to be true. Goldblatt,°° further, has made 
the pertinent comment that although anastomosing channels have been 
demonstrated within the intima of normal arteries of different animal 
species, the arteriosclerosis which occurs in such animals is usually 
medial in location, and quite different in character from that which is 
observed in man. Vascularization of the intima in man, then, under 
any circumstances, must be assumed to be the reaetion—in a sense, per- 
haps, a nutritive and reparative one—to the arterioselerotie degenera- 
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tive process. Its purpose is to furnish nourishment to a plaque which 
eannot rely for nutrition upon the process of imbibition alone, in the 
presence of intimal thickening. Onee established, the eapillary network 
unfortunately comes to form part of a vicious evele through which the 
arteriosclerotie process is advanced, and may aet as the deeisive under- 
lying factor in the subsequent occlusion of the main lumen, either by 
progressive fibrosis, extensive intramural hemorrhage, or thrombosis con- 
sequent upon dissolution or rupture of the plaque by hemorrhage. 
ORIGIN OF INTRAMURAL VASCULAR TREE 

The question as to the point of origin of the intramural vascular tree 
in arteriosclerosis is a rather difficult one to settle. 

In many arterioseclerotie arteries that we examined it was a simple 
matter to decide that the majority of the large-ealibered cross sections 
of the eapillaries which were present were situated at the base of the 
plaque, i.e., toward the adventitia—notably where the plaque was fibrotic 
in type. In a much smaller number we were able to trace the origin of 
intimal capillaries directly from the lumen. In some the derivation of 
vascularization of an artery could not he definitely ascertained because 
cross sections of similar calibers were dispersed throughout the wall. 
In one or two instances capillary channels were seen in serial sections 
to traverse the entire thickness of the arterial wall. In most of the 
sections, however, it appeared that the more common souree was the 
vasa vasorum, and not the, main Inmen of the artery. A similar belief 
has been expressed by others.°% 

Leary'® * has intimated that, in the young, the new mural eapillaries 
may arise from the lumen, whereas in older persons the new channels 
usually stem from the vasa vasorum. We have not encountered this age 
variation in intramural capillary origin. Our histologie seetions indi- 
cated that the vessels are derived from either the main lumen or the 
vasa vasorum, that the latter act as the main source, and that there is 
no relationship to the age of the subjeet. 

There is a third possible souree for eapillaries within the walls of 
sclerotic arteries. Ilneck** °* and, later, Klemperer and Otani,?° and, 
again, Klemperer** have presented evidence that embryonal mesenchyme, 
by virtue of its inherent developmental ability, may differentiate into 
hematie, phagoeytie (histioeyvtie), endothelial, and fibroblastie cells. 
Hueck maintained that the arterial intima retains, even in postem- 
bryonie life, its basie mesenchymal potentialities. It is, further, well 
recognized that in arteriosclerosis a mesenchyme-like reticulum may be 
engendered by the degenerative process. When this has occurred, 
lymphoeyvtes, mesenchymal cells, and, oceasionally, polymorphonuclear 
leucocytes can be demonstrated within the altered intimal layer. It 
heeomes anatomically conceivable, therefore, in view of the multiple 
potentialities of mesenchymal differentiation, that endothelialized vas- 
eular channels may arise through the stimulation to mesenchymal pro- 


liferation by the arteriosclerotie process. 
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INTRAMURAL HEMORRHAGE 


(‘ommonly associated with degenerating foci within sclerotic arteries, 
areas of recent hemorrhage and deposits of iron pigment have been 
noted; the latter are generally situated within the cytoplasm of macro- 
phages. Intramural arterial hemorrhage has been observed re- 
peatedly,?* 9% 6% 1 and its importanee has been recently empha- 
sized by Leary, Paterson, Winternitz and his associates, and Wartman. 
Benson** mentioned the occurrence of breaks in the intima, with hemor- 
rhage into the wall. He thought that these hemorrhagie foci were de- 
rived from the lumen through breaks in the intima, and that they dis- 
sect the wall, and believed that these changes may lead to occlusion of 
the lumen, either by pressure or by thrombus formation. Koch and Kong 
expressed the similar opinion that blood masses entered the atheroma 
at the site of thrombosis. Boyd,°® however, observed intimal hemor- 
rhage and thrombosis of the arterial lumen, and implied that the hemor- 
rhage was caused by injury of the intramural eapillaries by an ‘‘inflam- 
matory’’ exudate, and stated that thrombosis may result from sueh 
changes. Clark and his co-workers deseribed the ‘‘oeeurrence of a 
fresh break in the fibrous lining of a lipoid plaque, with penetration of 
blood elements into the area.’’ Leary considered the entranee of blood 
into the arterial intima as secondary to a defeet produced by rupture 
of an atheromatous ‘‘abseess.”’ 

Paterson,** ** ** to whom much eredit is due for first emphasizing the 
etiologic relationship between intramural hemorrhage and thrombosis 
of the main lumen, pointed out that intimal hemorrhage is caused by 
rupture of capillaries which he believes have originated from the artery 
lumen. Such rupture was assumed to be dependent upon the associa- 
tion of high intracapillary pressure and atheromatous softening. The 
resultant intimal hemorrhage might act as the precipitating fac- 
tor in coronary thrombosis. In a recent report, Paterson** expressed 
the belief that rupture of a capillary wall ‘‘may initiate thrombosis of 
a coronary artery by diffusion of blood from an intimal hemorrhage 
into the lumen, by necrosis or erosion of the intima from damage to its 
capillary circulation, or by retrograde thrombosis.’’ Wartman®? stressed 
the clinieopathologie signifieanee of extensive intramural hemorrhage in 
arteriosclerotie vessels—the so-called hematomata—as a cause of acute 
arterial occlusion without the formation of a thrombus. Winternitz and 
his associates,** *' more recently, have deseribed in great detail the 
characteristics of mural vascularization and hemorrhage, and pointed 
out the importance of the role of hemorrhage in the development of 
arteriosclerosis. 

We have been able to corroborate the findings of these authors, and feel, 
as Paterson, Wartman, and Winternitz and his co-workers have main- 
tained, that in many instanees hemorrhage may act as the preeipitating 
cause of coronary thrombosis, either by aetually producing dissolution 
and rupture of the plaque, with secondary thrombus formation, or by 
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inducing edematous transformation or degeneration in the intima over- 
lying the hemorrhage, with subsequent involvement of the surface endo- 
thelium and thrombosis. 

In our studies, hemorrhage into the walls of selerotie arteries was 
observed with great frequency (Fig. 2). Such hemorrhages were com- 
monly multiple, and were irregularly seattered through various por- 
tions of the arterial tree. We believe, with Paterson, that the hemor- 
rhagie foei within the walls of selerotie arteries arise within the wall. 
and are not derived from the lumen. In other words, intramural hemor- 
rhage is not the result of thrombosis, but is rather its cause. This con- 
tention is substantiated by the very common occurrence of intramural! 
hemorrhages in selerotie plaques without any associated thrombus for- 
mation, and the ease with which eapillaries from which such hemor- 
rhages originate can be demonstrated. It is noteworthy that when a 
hemorrhagie focus was observed in this series, we could always demon- 


strate a coexistent zone of severe intimal degeneration. 


Fig. 2.—Low power photomicrograph shows hemorrhage into the degenerating fat 
plaque of the intima. 


Relation Between Blood Pressure Level and Intramural Hemor- 
rhage.—In view of the existence of intimal vascular channels within 
arteriosclerotic arteries, some of which communicate with the main 
coronary lumen, it is important to aseertain what relationship there 
is, if any, between intramural hemorrhage and the blood pressure level. 
That insufficiency of coronary, artery blood flow, without actual 
thrombosis, may lead to extensive morphologie myocardial damage is well 
known.®* 5% 6, 67, 68 Tfowever, it is noteworthy that, in the instances 
reported in the literature, hemorrhage into coronary artery plaques was 
not mentioned, and, in the cases studied by one of us, with Friedberg,®* 
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hemorrhages were entirely absent. It is remarkable that examination 
of the arteries in such eases oceasionally revealed extensive intramural 
vascularization and associated arteriosclerosis, but no hemorrhagie foci. 
Further, in Moon’s observations on shock,®® although there was evidence 
of myocardial degeneration which was attributed to anoxemia, hemor- 
rhages into vascular walls were not mentioned. 

We believe, therefore, with Winternitz and his associates,*! that when 
an insufficieney of intramural capillary blood flow exists, it is the result 
of compression of the delicate channels by the exudation, transudation, 
and progressive fibrosis which occur in a plaque, or of thrombosis of the 
capillary channel. Such interference with eapillary blood flow may 
lead secondarily to necrosis, or perhaps to hemorrhagie ‘‘infaretion’’ of 
its zone of supply. In our opinion, moreover, such a mechanism is 
operative only in the presenee of moderately advanced arteriosclerosis. 

It would appear, then, that decreased coronary artery blood pressure 
plays no role in the production of recent hemorrhage within the walls 
of arteries. The question might be raised whether or not an inereased 
blood pressure has any part in such a process. Since intimal eapillaries 
may arise directly from the main lumen, Paterson*? has maintained that 
they are constantly exposed to a relatively high pressure, and, there- 
fore, that a sudden increase in coronary artery pressure may rupture a 
capillary, with the production of local hemorrhage and, possibly, sec- 
ondary thrombosis. Although sudden rises in coronary artery pressure 
may conceivably disrupt capillary channels which arise from the arte- 
rial intima, it is well known that not only marked fluctuations in the 
blood pressure, but also excessive pressures in patients with hyperten- 
sion occur much more frequently than coronary artery occlusion. If 
this mechanism were significant, therefore, one would expect a much 
greater incidence of coronary artery occlusion in eases of. hypertension, 
and any extreme fluctuation of blood pressure would then necessarily 
be attended by more disastrous results. Consequently we are not in 
accord with the contention that a sudden inerease in blood pressure, in 
itself, is an important faetor in producing intramural arterial hemor- 
rhage. It appears to us that of the two factors which Paterson has 
stressed in the pathogenesis of arterial thrombosis, namely, intimal 
hemorrhage and plaque degeneration, the latter appears to be of greater 
significance. A zone of degeneration adjacent to a eapillary may, in 
itself, effect rhexis of the capillary wall. 


INTRAMURAL ‘‘FIBRINOID’’ SUBSTANCE 
A ‘‘fibrinoid’’ substanee was commonly associated with intramural 
hemorrhage. The nature, souree, and significance of the so-called 
fibrinoid matter within arteriosclerotie plaques is still open to eontro- 
versy. Does it originate extramurally from the vascular lumen, or does 
it arise within the wall? Does it play an important role in the arterio- 
sclerotic process, or is it merely an adventitious substance? Mallory®” *° 
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noted the presence of fibrin-like material within the plaques in arterio- 
sclerotic and syphilitie aortitis and believed that this substance repre- 
sented degenerated or necrotie fibrous tissue. Jaeger deseribed fibrinoid 
masses which were both deposited upon, and situated within, arterio- 
sclerotic plaques. The former he regarded as derived from the blood 
stream, whereas the latter were believed to be caused by necrosis of fi- 
brous tissue. Leary'® reported the occurrence of **fibrinous and fibrinoid 
necrosis’? within the fibrous tissue of intimal plaques, with extension to 
the endothelial layer, and ascribed this change to a diminution of nutri- 
tion caused by growth of the plaque. Jucker'’® thought that either de- 
generation of collagenous substance on which precipitation of fibrinogen 
oceurred, or loosening of the fibrillar substance, with penetration of 
plasma and secondary coagulation, accounted for such deposits. More 
recently, Clark and his associates"' expressed the view that the fibrinoid 
masses situated on the surface of, and within, the plaques represent 
compressed and hyalinized blood elements, and that ‘‘in most instances 
(they) are the remnants of an organizing surface deposit.’’ They also 
suggested that when ulceration of endothelium has occurred, the deeper 
layers represent coagulated blood plasma which has penetrated the 
plaque from the lumen of the vessel. 

In a number of instances in whieh the ‘‘fibrinoid’’ material was 
found, we also noted erythrocytes in various stages of conglutination and 
degeneration, and frequently the conglutination was so advanced that 
the material appeared to be ‘‘fibrinoid,’’ but with higher magnification 
the shadows of ervthroeytes could be seen. Silver-impregnated fibers 
were found not only within the fibrinoid zones, but also within the ad 
joining tissue. These we felt were disrupted elastie fibrils. The Lepehne 
stain for hemoglobin was uniformly negative, although erythrocytes in 
the vicinity showed a decidedly positive reaction. Similarly, the Wei- 
vert fibrin stain gave negative results, although the specificity of this 
stain is questionable. Our anatomic observations have led us to believe, 
despite the negative results with the Weigert and Lepehne stains, that 
the substance in question represents blood elements which are so de 
generated and chemically transformed that they ean no longer be mor- 
phologically demonstrated as such with these stains. 

In view of the rich intramural capillary network, we do not believe 
that infiltration of blood from the main arterial lumen plays an impor 
tant part in such formations. Where intimal endothelial rupture has 
occurred, some slight infiltration may presumably oeeur. However, we 
do not think that this mechanism is significant, but are rather of the 
opinion that local rupture of capillaries within arterioselerotic plaques 
provides the source of blood and ‘‘fibrinoid’’ material in the majority 
of instances. In a few eases, the fibrinoid material was found in zones 


in which there was no evidence of either recent or old hemorrhage 
within the plaque. Whether or not this represented extravasated blood 


HORN AND FINKELSTEIN: ARTERIOSCLEROSIS OF CORONARY ARTERIES 667 


plasma could not be ascertained with any degree of certainty. We look 
upon the presence of ‘‘fibrinoid’’ material within the arterial wall as an 
incident in the degenerative evele of arteriosclerosis—the result of ex- 
travasation of blood from the intramural eapillary channels. 


LATER SEQUELAE OF ARTERIOSCLEROSIS 


Caleified plaques were commonly observed in the present series. The 
calcium deposits exhibited a predilection for the basal segments of the 
intima, but occasionally extended throughout the thickness of the intima 
and impinged upon the endothelium. The vascularization of the arterial 
wall in the vicinity of the caleified portion was usually sparse—a point 
previously emphasized by Paterson—and was most often noted along 
the lateral aspects of the plaque, less often at the base, and only rarely 
toward the lumen. 

Bone formation within the intima was found in five cases, usually in 
the basal portions of the intima, and always within areas which were 
the seat of severe arteriosclerotie alterations. In four of these the bone 
trabeculae were associated with ealeifie fragments, and a gradual transi- 
tion from calcium deposit to fully developed bone could be demonstrated, 
in one instance even with marrow formation and hematopoietic tissue. 
In the fifth ease the bone had apparently completely replaced the eal- 
cium. In one instanee, erosion of a eapillary wall. presumably by a 
projecting spur of newly formed hone, had oceurred, with the produe- 
tion of a foeal area of intimal hemorrhage. In the popliteal artery of a 
lower extremity of a diahetie, amputated because of gangrene, we re- 
cently observed erosion of intima and endothelium by a bony plaque, 
with superimposition of an early parietal thrombosis. These observa- 
tions indicate that the presenee of bony plaques within arterioseclerotie 
arteries may precipitate acute changes within the arterial wall by pro- 
ducing erosion of vascular channels. 

That bone may form within arteriosclerotie plaques is well known. 
Descriptions of its occurrence, however, have been confined, in the main, 
to the arteries of the extremities, the aorta, and the eardiae valves. 
Rohmer®? and Moenckeberg** reported that the incidence of bone forma- 
tion within senile arterioselerotie plaques of the arteries of the extrem- 
ities was as high as 10 per cent. These authors, as well as Jores,!® looked 
upon its formation as evidence of metaplasia, and expressed the opinion 
that the new bone is usually derived from connective tissue in the viein- 
itv, and always occurred following ealeium deposition. Judging from 
our observations, bone formation is deeidedly less common within the 
coronary arteries than in peripheral arteries. Search for it should be 
made in those vessels whieh exhibit extensive ealcification grossly. When 
the stage of calcification and metaplasia into bone has oeeurred, the heal- 
ing proeess may he considered to have reached its end point, and the 
capillaries supplying the area then heeome oecluded and disappear. 
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Another frequent accompaniment of arteriosclerosis is medial atrophy, 
which appears to be directly proportional to the thickness of the ad- 
jacent plaque, and is, in a sense, therefore, a pressure atrophy. In sev- 
eral instances the atrophy was so advanced that the media could no 
This was particularly true in the vicinity of eal- 
Leary,’® however, has referred to the frequent 
Medial necrosis in arteriosclerosis 


longer be identified. 
cified and bony plaques. 
oeeurrence of medial hypertrophy. 
has been reported by Feyrter,** but was not observed in our series of cases. 


MORPHOGENESIS OF ARTERIOSCLEROSIS 


Judging from the reeorded, and our own, anatomie observations, if 
appears that the process of arteriosclerosis consists primarily of an 
intimal lipoidosis and collagenous thickening, and, further, that the end 
result is intimal fibrosis brought about with the aid of eapillary chan- 
nels which proliferate in response to the fatty change and intimal thiek- 
ening. The ingrowth of vessels into the plaque must be considered, then, 
as basically reparative and granulation tissue-like in nature. If the 
vascularization of a plaque does not keep pace with the lipoid change, 
or if the delicate intramural channels become obstructed in any of the 
ways previously mentioned, the ensuing cireulatory deficiency leads to 
necrosis of the lipoid zone, and produces an atheromatous ‘‘abseess.”’ 
This establishes the second phase of the vicious evele, for the necrotic 
foci may now precipitate localized hemorrhages, with progression of the 
arterioseclerotic process, and, incidentally, oeclusion of the lumen. The 
extent of the local hemorrhage is dependent upon the ratio of the size 
of the capillary affected to the degree of associated intimal degeneration. 
Finally, then, the lesion must be the expression of the interrelationship 
between fatty change, vascularity of the wall. and intimal necrosis. Cal 
cification and bone formation characterize ultimate healing of the lesion. 


DISTRIBUTION OF ACUTE OCCLUSIVE LESIONS 


Although acute arterjal occlusions occurred predominantly the 


left coronary artery awd its secondary divisions, we found, despite com 
mon belief, that the right coronary artery, not the anterior descending 
branch of the left coronary, was, of all single arteries, most often the 


seat of acute occlusion. For many vears it has been thought that the 


anterior descending branch of the left coronary artery is the one most 
frequently involved in coronary artery” thrombosis," and, conse- 
quently, that the anterior surface of the left ventricle is the most com- 
mon site of infaretion. In this connection, it must be pointed out that 
we have recorded separately the pathologie changes which were found 
within the main anterior descending braneh of the left coronary artery, 
and those within the ramus primus division of the anterior deseending 
It is probable that previous observers have not done this, but 


branch. 
the anterior deseendine 


have ineluded both sites under occlusion of 
In forty-six eases of fatal occlusion reported by Levine and 


branch. 
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Brown,” the left anterior descending branch was occluded thirty-nine 
times, and the right coronary only twice. However, in our series (Table 
I) the right coronary artery was more often the seat of recent involve- 
ment—sixty-one instances—and recent infarction of the posterior wall 
of the left ventricle was correspondingly more common than that of the 
anterior wall. Next to the right circumflex artery, the largest number 
of reeent occlusions occurred in the anterior descending branch of the 
left coronary artery (fifty-six instances). Twenty-seven and fifteen 
recent closures, respectively, were found within the circumflex branch 
of the left coronary and the primary divisions of the anterior descending 
braneh of the left coronary. The incidence of recent changes in the 
remainder of the coronary tree is indicated in Table I. White*® has 
stated that ‘‘The preponderance of involvement of the left anterior de- 
seending is not nearly as great as used to be believed; it is only slightly 
in the lead.’’ We agree with Bork,’ Barnes and Ball,?’? and Master and 
his associates*® that the left anterior descending artery should no longer 
be referred to as ‘‘the artery of coronary oc¢clusion.”’ 

In forty-eight of our one hundred seventy-two instances of acute arte- 
rial occlusion, two or more arteries were occluded simultaneously, an 


‘ 82 


oceurrence which has been emphasized by Saphir, et al.,° and others.*! 

In three cases a single recent oeelusion caused death in individuals in 
whom there was no evidence of previous myocardial infaretion, and in 
whom arteriosclerosis of the coronary arteries was only moderate in 
degree. It is to be emphasized, however, that in the majority of cases of 
acute arterial oeclusion we found that this event occurred in arteries 
which showed extensive sclerotic involvement, with associated narrow- 
ing of the lumina, and that the acute lesions were often multiple. In 
not a single instance was thrombosis found to have oeceurred within a 
normal artery. Clawson’ has stated that thrombosis of a nonsclerotie 
vessel is rare. Others**: °* 4% 54 have denied that thrombosis of normal 
vessels ever occurs. 

TABLE II 


PATHOGENESIS OF ACUTE CorONARY OCCLUSION (100 Post-MORTEM CASEs) 


RIGHT 


LEFT CORONARY ARTERY CORONARY ARTERY 
LAD ys Le VSA MO VSP RC VDA SLP TOTAL 

Thrombosis secondary 

to hemorrhage 15 0 1 0 27 0 
Thrombosis related to 

hemorrhage 2 1 4 a) 0 0 4 0 0 11 
Hematoma of the wall 6 0 3 0 0 0 4 0 0 13 
Hemorrhage into 44 

sclerotic artery 8 5 5 0 2 0 4 0 1 23 
Thrombosis on a plaque 16 6 2 1 0 13 0 0 15 
Nonoceluding parietal throm- 

bosis on a plaque 3 3 1 0 0 0 1 0 0 8 
Channel thrombosis 3 0 0 0 0 0) 9 0 0 5 
Thrombosis of undeter- 

mined pathogenesis } 0 } 0 0 1 6 1 0 14 
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VARIETIES OF RECENT OCCLUSIVE CHANGES (‘TABLE 11) 

We found fifty-three instances in which the coronary thrombosis was 
secondary to dissolution of an arterioselerotic plaque subsequent to an 
intramural hemorrhage (Figs. 3 and 4). In the majority of these in- 
stances the components of the thrombus within the lumen were evi- 
dently of the same age as the hemorrhagie foeus within the wall. In a 
small number, however, changes within the degenerated intimal foeus, 
such as red cell degeneration, ‘‘fibrinoid’’ transformation, plasma mass 
compression, organization of fibrin, and formation of iron pigment, sug- 
vested either that there had been repeated, small hemorrhages before 
the final intimal disruption had oecurred, or that a slow, progressive 
hemorrhage had preceded by at least a number of days the communica 
tion with the lumen and formation of a thrombus (Fig. 4). It is appar- 
ent, therefore, that arterial occlusion may be the result of a series of 
changes within the vessel wall, and that the development of the closure 
may be somewhat slow and progressive. Barnes*’ has previously sug- 
vested that coronary artery thrombosis may develop gradually, so that 
one to three days may elapse before complete occlusion occurs. Levy,” 
Clark, et al.,°' and Paterson** have also alluded to such a possibility. 
In view of the evidence that the tempo of arterial occlusion may vary, 
it is conceivable that the progressive changes within the wall of the 
coronary artery may be the morphologic substratum of the premonitory 


symptoms of its final occlusion. 


Fig. 3.—Low power photomicrograph of the section of the coronary artery showing 


foci of hemorrhage into the zones of intimal degeneration and thrombosis of the lumen 
In this section there is no apparent association between intimal hemorrhage and 
thrombus formation, 

Oceasionally, when the degeneration is extensive—for example, in an 
atheromatous abscess—and impinges upon the subendothelial zone, we 
have found that very little hemorrhage is required to produce rupture 


\ 
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of the endothelial layer and to initiate secondary thrombus formation 
(Fig. 5). In one instance, in the same block of a coronary artery, we 
observed two points of simultaneous hemorrhage into such severely de- 
generated areas, with secondary rupture and communication with the 
lumen. In two instances the extension of an atheromatous abscess to 
the endothelial layer was presumably the cause of thrombus formation 
through the mechanism of direct endothelial injury. 


Fig. 4.—High power photomicrograph of serial section of the artery shown in Fig. 
3, to show extension of the intimal hemorrhage and degeneration, with final dissolu- 
tion of the intima and thrombotic occlusion of the lumen. Note the fibrinous character 
of the intimal lesion, indicating an origin antedating thrombosis. 


Fig. 5.—Low power photomicrograph shows multiple small foci of hemorrhage into 
the large atheromatous “abscess,” with secondary thrombosis of the lumen. Diagram: 
A, lumen; B, foci of hemorrhage in “abscess.” 
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In eleven cases thrombosis had oeeurred in an artery which was the 
seat of the hemorrhage, but the latter had not contributed directly to 
the formation of the thrombus, for we could not trace, in serial sections, 
any direct communication between the intramural hemorrhage and the 
oeeluding thrombus. Always coexistent with the focus of hemorrhage 
within the wall was either fatty degeneration, loose separation of the 
overlying intimal fibers, or a scattering of erythrocytes impinging upon 
the endothelial surface (Fig. 6). In our opinion, these changes were 
either originally induced, or intensified, by the hemorrhage, and were 
the basie cause for the ensuing endothelial damage and thrombus for- 


mation. 


Fig. 6.—Medium power photomicrograph shows thrombus formation secondary to 
intimal hemorrhage and acute degenerative changes, without dissolution of the plaque. 
Note the capillary leading to the hemorrhagic focus. 

Forty-five occluding thrombi of the coronary arteries had formed on 
a plaque which showed either a loose, edematous, fibrillar proliferation, 
lipoid infiltration, or intimal necrosis, i.e., ‘thrombosis on a plaque.’’ 
In two of these, however, the intima showed no evidence of any recent 
change, but consisted merely of dense, fibrous tissue. In several of 
these, and also in a few instances in which thrombosis had oeceurred as a 
result of intramural hemorrhage, evidence of organization was found; 
in some it appeared that the recent change might have been superim- 
posed from the lumen. There were thirteen cases of recent, extensive 
hemorrhage into a degenerating plaque, with oeclusion of the lumen, 
but without thrombosis (Fig. 7). In these eases either the hemorrhage 
was so extensive, or the plaque so necrotic, that the sudden increase in 
intimal pressure caused by the hemorrhage was presumed to be suffi- 
cient to cause complete occlusion of the artery. In three eases, either 
recent myocardial infarction or sudden death was attributed to only 


GE 
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moderate hemorrhage into a markedly thickened plaque in a vessel with 
an extremely narrow lumen. 

Two organizing hematomas were observed, and eight parietal, non- 
occluding thromboses on arterioselerotiec plaques. In two of the latter, 
early organization of a portion of the parietal thrombus had proceeded 
to such an extent that it appeared to be a thickened, arteriosclerotic 
plaque. This was a striking example of the fact that onee organization 
has occurred it becomes impossible in most instances to ascertain whether 
or not there has been a previous thrombosis. In fourteen instances, the 
pathogenesis of the individual thrombus could not be satisfactorily 
determined, either because the block containing the thrombus was not 
available in its entirety for microscopic study, or because the morpho- 
genesis was unclear. Five examples of intramural, channel thrombosis 
were observed in our series, although only two were considered to be 


clinically significant. 


Fig. 7.—Low power photomicrograph shows hemorrhage into the large atheromatous 
abscess, with compression occlusion of the lumen. 

The above figures indieate that the incidence of intramural hemor- 
rhage, in our series, as a factor in coronary artery occlusion was 62.5 
per cent, whereas thrombosis on an arterioselerotie plaque occurred in 
37.5 per cent. Statistical analysis shows, therefore, that intramural 
hemorrhage is the most frequent underlying mechanism in coronary 
artery occlusion. 

We re-emphasize that, without exception, every artery which was the 
seat of either intramural hemorrhage or vaseular thrombosis exhibited 
selerotie change. However, although the majority of these recent changes 
was noted in arterial cross sections whieh showed well-marked arterio- 
sclerosis, a small number of thromboses, usually secondary to hemor- 


ek 
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rhagie disruption of the wall, was found in portions of arteries which 
were the seat of only slight to moderate arteriosclerosis. This was par- 
ticularly true of the right coronary artery. In several instances in 
whieh a thrombus had formed, there was an intimal reaction which c¢on- 
sisted of collections of lymphoeytes, polymorphonueclear leucocoytes, and, 
rarely, minute foei of hemorrhage whieh were usually immediately be- 
neath the endothelium. It is noteworthy that, on examination of eross 
sections of thickened arteries which were not the seat of thrombosis, a 
similar subendothelial and initimal cellular infiltration, associated with 
a loose, edematous, fibrillar stroma, was found. Sinee these alterations 
were found under different cireumstanees, and often in the absence of 
thrombosis, we must assume that such reactive foei within the intima 
may precede the development of thrombi, and are reactive manifesta- 
tions to arterioselerotie intimal degeneration. In view of the fact that 
this change was noted in the absence of thrombosis, and, in almost every 
case of thrombosis on a plaque, we feel that it is of pathogenetic impor- 
tanee. It may be that changes of this type are responsible for the altera- 
tion in the physieal properties of the endothelium whieh induces a loeal 
change in the eurrent, as suggested by Dietrich and Sehroeder,*? and 
therefore, favor the formation of a thrombus. Klotz and Lloyd*® have 
alluded to foei of ‘‘nodular endarteritis’’? as favoring the development 
of thrombosis. The presence of distinct, recent changes in the arterial 
wall in almost all instances of coronary occlusion, then, emphasizes the 
and others,®* '* that coronary artery 


importanee of the belief of Welch,* 
thrombosis is merely an incident in the development of arteriosclerosis. 

In the majority of instances in which a thrombus was found, unasso- 
ciated with intimal hemorrhage, we could demonstrate its origin at a 
point in the arterial segment which disclosed the most advanced selerotic 
changes and narrowing. [n addition to occlusion of the lumen at this 
point, there was both proximal and distal propagation of the thrombus. 
We do not coneur with Koeh and Clark and his co-workers, 
and Paterson,** in their contention that stasis of coronary blood flow 
may be so pronouneed as to induce the formation of a thrombus proxi- 
mal to a zone of severe arterial stenosis. In all but two of our series of 
cases of thrombosis on a plaque, we noted a primary, recent, basie change 
within the subendothelial tissue that could account for secondary endo- 
thelial abnormalities which may favor thrombus formation. These 
changes were usually situated at the point of greatest narrowing. In 
the other two cases the thrombus oceurred in an artery which was only 
moderately narrowed, and was not related to any severe, distal obstrue- 
tion. We subscribe to the belief, therefore, that the intrinsie changes 
within the plaque are primarily responsible. However, the proximal 


propagation of the thrombus must be accomplished through the arrest 
of the circulation in the oceluded portion of the arterial tree. 
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In summary, then, it is clear that coronary artery occlusion may be 
effected by dissolution of the intima by hemorrhage ; by hemorrhage into 


‘ 


an atheromatous 
the mechanism of recent intimal and endothelial changes brought about 
by a remote focus of hemorrhage; by endothelial injury resulting from 
the impingement of an atheromatous ‘‘abseess’’; and, finally, by the 


‘abseess,’’ causing compression of the lumen; through 


formation of a thrombus on an arterioselerotie intimal plaque. 

There was no instance of embolie occlusion of the coronary arteries 
in this series, nor could we demonstrate in any ease the oeceurrence of 
secondary coronary embolism from a more proximal plaque or thrombus 
within the artery. 


DIFFERENTIATION OF PROGRESSIVE ARTERIOSCLEROSIS FROM PREVIOUS 
THROMBOTIC OCCLUSION OF LUMEN 

The presence of severe intimal fibrosis, extensive medial atrophy, and 
even disappearance of the muscle layer, coupled with the elastie frag- 
mentation, and the association with a prolifie vascular response to the 
arteriosclerotiec process have made it diffieult to ascertain with any de- 
gree of certainty the pathogenesis of the severe narrowing of the lumina 
of the arteries. Moreover, the observed occurrence of similar processes. 
plus iron-pigment deposition secondary to intramural hemorrhage and 
progressive fibrosis, has nullified completely the value of these criteria 
which were supposedly of aid in differentiating thrombosis from the 
changes incident to progressive arteriosclerosis. Further, we have noted, 
in hearts which were the seat of large, old myocardial infarets, arterial] 
changes which were even less severe than in those in whieh no old myo- 
cardial infarets were discovered. The occurrence of parietal thrombi, 
such as we have seen in this series and as others* °° ®& ° have ob- 
served, also leads to confusion, for when such a lesion is finally replaced 
by fibrous tissue and ineorporated into the intima, the affected segment 
of the wall appears exactly like an area which has been progressively 
thickened by fibrosis of a zone of intimal lipoidosis. The vascularization 
that may oceur here, as well as subsequent to extensive hemorrhage, is 
often so pronounced and diffuse that sueh vessels may beeome indis- 
tinguishable from the original lumen. It is common knowledge that 
new channel formation in an arterioselerotie plaque may become so 
marked, and the vessels so enlarged, that the lesion resembles a reeanal- 
ized thrombus. In a small number of instances we have observed that 
such vessels may develop elastie tissue. Von Glahn*! has made a similar 
observation. Occasionally, we have seen the walls of these small blood 
channels become completely hyalinized. 

Furthermore, our own observations, and those of others, on organizing 
hematomas lead us to believe that extensive hemorrhage into the wall 
of a coronary artery may produce virtual occlusion without communieat- 
ing with the lumen. That complete re-establishment of the original 
‘aliber of the lumen as a result of replacement fibrosis and eontraction 
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may occur is readily conceivable. In support of such a possibility is the 
not infrequent finding of an extensive, old, myocardial infaret without 
any narrowing of the coronary artery supplying this area. It is obvious 
that a resorbed and organized hematoma, therefore, could not be differ- 
entiated from even a smal! ‘‘arterioselerotic’’ plaque. Neither could the 
presence of iron pigment be used as a histologic criterion for the diag- 
nosis of a previous coronary thrombosis, for we now know that the 
deposition of such pigment is most often the result of focal intramural 
hemorrhage, without thrombus formation. Nor does the absenee of iron 
pigment within an arteriosclerotie plaque negate the possibility of previ- 
ous hemorrhage, for macrophagie activity is very pronounced after 
hemorrhage has oceurred within the wall, and the blood pigments may be 
completely removed. We have noted iron-laden macrophages traversing 
the entire thickness of portions of the wall of an artery which had been 
the seat of relatively recent hemorrhage, and even situated within the 
periadventitial tissue. Fragmentation of elastic lamellae is also of no 
aid in aseertaining the anatomie history of a zone of marked arterial 
thickening, for, as the aging process advanees, splitting of the intimal 
elastic membrane is common,* *° and its disruption by intramural hemor- 
rhage, without occlusion, further confuses the picture. 

When this study was begun, we believed that a previous thrombotic 
occlusion could be differentiated in most instances from the lesion pro- 
dueed by a slow, progressive type of arteriosclerotice thickening. How- 
ever, when the significance of the above-mentioned changes was fully 
realized, restudy of our early slides proved that our original impres- 
sions were erroneous, and we felt that the only correct evaluation of the 
old arterial lesions would be merely to indicate the extent and degree 
of sclerotic change. Only when we encountered an organized myoeardial 
infaret supplied by an artery which exhibited pronounced plaque for- 
mation, with associated narrowing of the lamen and distortion of the 
mural layers, could we postulate the occurrence of a previous acute 
coronary occlusion, 

It must be mentioned, however, that a mieroscopie diagnosis of previ- 
ous thrombotic occlusion is occasionally justified when evidence of dis- 
ruption of the intimal layer by hemorrhagic extravasation ean be ob- 
tained. This should be based on the finding of rich granulation tissue 
extending in ‘‘mushroom’’ fashion through the intima, with the head of 
the ‘‘mushroom’’ occupying what is assumed to be the former site of the 
coronary lumen. 

Benson®* and Winternitz and his co-workers" voiced a similar opinion. 
The latter authors stated ‘‘that when a vessel is finally completely oe- 
eluded with granulation tissue, the events leading to the oecelusion eannot 


be reconstructed with any degree of certainty.’ 
Perivascular Lymphocytic Infiltration —A frequent accompaniment 
of arteriosclerosis was the infiltration of the periadventitial and ad- 
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ventitial tissue with small Ivmphoeytes, often about proliferating blood 
vessels (vasa vasorum) (Fig. 8). It is important to recognize the fre- 
queney of such an infiltration, particularly in severely selerotie arteries, 
for medial fibrosis and vascularization are associated with such an in- 
filtration, so that it is possible to confuse such alterations with the lesions 
of syphilis. In view of the common occurrence of this process in arterio- 
sclerotic vessels, we believe that the diagnosis of syphilis of the coronary 
arteries should be entertained only when a well-marked obliterating 
endarteritis is found within the adventitial vessels in association with 


such lymphoeytie proliferations. 


Fig. &8.—Medium power photomicrograph shows marked adventitial lymphocytic 
a in arteriosclerosis. Note the capillaries interspersed in the lipoid intimal 

Syphilis of the Coronary Arteries.—In the four instances of syphilitie 
aortitis which were ineluded in our series, sections taken from various 
segments of the coronary arteries, including those segments immediately 
distal to the ostia, did not reveal evidences of syphilis, but merely dis- 
closed the presence of arteriosclerosis. True syphilitie involvement of 
the coronary arteries is usually an extension from the aorta, with the 
not infrequent sequel of ostial stenosis, whereas involvement of the 
arteries beyond their origin is of little significance.’ Although ostial 
narrowing caused by syphilitic involvement of the coronary arteries was 
found in thirty-seven of 107 eases studied by Saphir and Seott,” syphilis 
could not be demonstrated within the stems of the vessels. 

Ancurysm of the Coronary Arteries.—In order to cover our observa- 
tions fully, we mention briefly the subjeet of coronary artery aneurysm. 
Aneurysm of the coronary arteries, especially when compared with the 
incidence of arteriosclerosis of those vessels, is a distinet rarity. 


“>. 
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Only one saceular aneurysm was encountered in our series of eases ; 
it involved the right coronary artery, and was associated with an exten- 
sive, recent, dissecting hemorrhage immediately bordering its distal 
limit. This is particularly significant when considered in the light of 
the role which has been ascribed to hemorrhage in the production of 
arterial changes. In view of the extent and site of the hemorrhage, it is 
logical to assume that the aneurysm had resulted from previous hemor- 
rhagie dissection of the wall of the coronary artery. That this is the 
pathogenesis of dissecting arterial aneurysm has been suggested previ- 
ously.®* °* 4° For a fuller discussion of this subject the reader is re- 
ferred to the papers of Packard and Wecehsler®® and Chiari.*! 


SUMMARY AND CONCLUSIONS 

1. The results of a study of 100 eases of recent coronary occlusion and 
a review of the pertinent literature are presented. Particular attention, 
with the aid of serial sections of the arteries, was paid to the relative 
importance of intimal hemorrhage and primary thrombosis on an arterio- 
sclerotic plaque in the pathogenesis of acute coronary occlusion, and also 
to the relationship between the extent of vascularization, hemorrhage, 
and intimal sclerosis. 

2. The main branches of the coronary arterial tree exhibited advaneed 
sclerotic changes with approximately equal frequeney, although the in- 
cidence in the anterior descending branch of the left coronary artery 
was perhaps slightly higher than elsewhere. 

3. The intermusecular branches of the coronary arteries exhibited 
arterioselerotie changes only rarely. 

4. Vaseularization of the intima was found only in the presence of 
arteriosclerosis, and was regarded as a sequel, not the basic cause, of the 
intimal degenerative changes. Onee established, however, vaseulariza- 
tion may be an important factor in the further advance of the arterio- 
sclerotic process. The extent and degree of atheromatous ‘‘abscess’’ for- 
mation in the intima are usually in inverse ratio to the vascularization. 

5. Intramural hemorrhage was observed frequently, and was always 
found to be associated with vascularization and plaque degeneration. It 
is our belief that it originated invariably within the wall, rather than 
by imbibition from the lumen. 

6. Coronary artery occlusion may be produced either by intramural 
hemorrhage (62.5 per cent), or by the formation of a thrombus on an 
arterioselerotiec plaque (37.5 per cent). 

7. Intramural hemorrhage was found to lead to coronary artery oeelu- 
sion either by inducing acute degenerative and reactive responses in the 
plaque overlying the hemorrhage, by obstructing the artery mechanieally, 
or by actually producing dissolution and rupture of the intimal layer. 
The extent and variety of change are dependent upon the relationship 
between the vascularity of the plaque and the degree of degeneration 


therein. 
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8. Occlusion of a coronary artery produced by the deposition of a 
thrombus on a plaque is usually secondary to an edematous, acute, reac- 
tive or degenerative change in the subendothelial tissue. 

9. The coexistence of recent and organizing changes within a plaque 
or its thrombus supports the belief that coronary artery occlusion may 
he a slow, progressive process. 

10. Contrary to common belief, the individual artery most frequently 
the seat of acute occlusion was the right coronary artery. Simultaneous, 
multiple occlusions of the coronary arteries were common. 

11. Fibrinoid-like masses within arteriosclerotie plaques were con- 
sidered to be the sequelae of intramural hemorrhages or extravasated 
blood plasma originating from the mural eapillaries within the plaque. 

12. Calcification was found frequently within degenerating plaques. 
Bone formation was noted in five eases. Vaseularization in these foci 
was usually sparse. 

15. Distortion of the architecture of the wall produced by slow, pro- 
eressive arteriosclerosis and repeated hemorrhage, with reactive vascular 
proliferation, nullifies the value of criteria used to differentiate arterio- 
sclerotic narrowing from previous thrombotie occlusion. In the majority 
of cases the only correct pathogenetic evaluation of the old arterial 
lesions is a statement of the extent and degree of arterioseclerotie change. 

14. A prominent, adventitial, perivascular infiltration of lympho- 
evtes was often encountered in arteriosclerotie vessels. 

15. Medial atrophy was frequent and appeared to be in direet pro- 
portion to the intimal thiekening. 

16. Aneurysm of the right coronary artery was observed onee. This 
had been produced by a hemorrhagie dissection of the wall. 

17. Arterioselerosis was observed in every instanee in whieh either a 
partial or complete arterial oeclusion was found. In not a single in- 
stanee had a thrombus developed within a normal artery. 

Ik. Judging from this morphologic analysis, coronary artery oeclu- 
sion is an incident in arteriosclerosis. The direct, immediate, precipi- 
tating factors underlying reeent occlusive changes could not be ascer- 
tained in this survey. 

We wish to acknowledge gratefully our indebtedness to Dr. Paul Klemperer 


for his stimulation and aid in this study. 
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THE KLECTROCARDIOGRAM DURING ATTACKS OF ANGINA 
PECTORIS; ITS CHARACTERISTICS AND DIAGNOSTIC 
SIGNIFICANCE 


JOSEPH E. F. Riseman, M.D., V. Water, M.D., AND 
Morton G. Brown, M.D. 
30STON, Mass. 


INTRODUCTION 


- IS evident from the literature that changes in the electrocardiogram 
occur during attacks of angina pectoris, but opinions differ concern- 
ing the incidence, character, and degree of these changes. Since angina 
pectoris is commonly regarded as a consequence of relative myocardial 
anoxia, several investigators have suggested that the earlier stages of 
coronary arteriosclerosis may be detected by tracings taken following 
exertion or generalized anoxia. Little attempt has been made, however, 
to compare the electrocardiographie response of patients with coronary 
artery disease with that of normal subjects under comparable conditions. 

The divergent results and conclusions may be attributed, at least in 
part, to the different techniques employed. Insufficient attention has 
been paid to the exact relationship between the time the tracing was 
taken and the onset or cessation of exercise, anoxemia, or the attack of 
angina. The attacks of pain are usually short in duration,’ and are 
accompanied by rapid changes in the state of the cardiovascular sys- 
tem.? Considerable time is required to record the three or four leads of 
the electrocardiogram, even after both the patient and the instrument 
are made ready to take the tracing. Missa!® found that a minimum of 
one and one-quarter minutes was required, and, with some instruments, 
as much as six to ten minutes was necessary. Although the electro- 
cardiograms reported in the literature were taken ‘‘during’’ attacks of 
angina pectoris, it is obvious that the different leads must necessarily 
have been taken at different times during the attack, and may represent 
entirely different aspects of the rapidly changing cardiovascular state. 
It is probable that many tracings were obtained toward the end of the 
attack of pain, or even after the attack had subsided; this is undoubt- 
edly true in those instances in which the electrodes were applied to the 
patient and the instrument standardized after the onset of pain. 

The purpose of the present investigation was threefold: (1) To ob- 
serve the relationship of electroecardiographie changes to the onset and 
cessation of pain by taking tracings continuously before, during, and 
after attacks of angina indueed first by exercise, and later by generalized 
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anoxemia; (2) to investigate the mechanism producing these changes; 
and (3) to evaluate the diagnostie significanee of the electroeardio- 
graphie changes induced by exercise or by generalized anoxemia. 


Part I. THE CHARACTERISTICS OF THE ELECTROCARDIOGRAM BEFORE, 
DurineG, AND AFTER ATTACKS OF ANGINA PECTORIS 
REVIEW OF THE LITERATURE 
The electrocardiogram during spontaneous attacks of angina.—Oppoer- 
tunities to obtain such tracings are rare; since 1918, the results in twenty- 


five eases have been reported.* 7% % 1% 13 Changes in the S-T 
segment occurred in nineteen during the attack ; these changes consisted 
of an elevation or depression of the entire segment, or the take-off, in 
one or more of the three standard leads. Changes in the T wave oe- 
curred in nineteen; a decrease in voltage oceurred in eighteen patients, 
eleven of whom developed inversion ; one patient showed an increase in 
the voltage of the T wave in one lead. Changes in the QRS complexes 
in two eases were reported. 

Feil and Siegal® found that one of their four patients showed no 
electrocardiographie change during the attack; other investigators found 
changes in either the S-T segment or T wave in al/ eases. Shapiro and 
Smyth,’ and also Wood and Wolferth,’® found that the changes during 
spontaneous attacks and those induced by exertion, in the same indi- 
viduals, were identical. The precordial lead was used in only one pa- 
tient,? who showed an elevation (old method) of the S-T interval dur- 
ing the attack. 

The electrocardiogram following excrcise in patients with angina 
pectorts.—Reports of observations on more than 215 patients are avail- 
able.* 9, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28 The eXxereise varied 
in different patients from simple knee bending or raising dumbbells to 
running up as many as eight flights of stairs; not all developed angina 
under these conditions. No attention was paid to the temperature of 
the environment. The 3- or 4-lead electroecardiograms were taken dur- 
ing rest and after cessation of exercise. Changes in the S-T segment 
after exertion were shown by at least ninety-three of the 215 subjects. 
Four investigators” '* '* 25> found such changes in each of the fifteen 
patients they studied; others found such changes in some, but not all, 
patients. Rihl, Huttmann, and Spiegl,?° and also Puddu,?* commented 
on the change in the angle between the S-T interval and the aseending 
limb of the T wave. Changes in the T waves were not analyzed by all 
investigators; such changes apparently occurred in some, but not all, 
patients. Apparently, forty-two of the 215 subjeets showed no changes 
in the contour of the complexes following exercise. Duchosal and 
Henny'® ** found, by varying the amount of exercise, that the S-T seg- 
ment and the T wave became altered before angina developed. 

Precordial leads were used by seven investigators. Two found that 


the changes were greatest in this lead ;'* *° in one investigation" a chest 
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lead only was employed; and four found that the precordial lead was 
of no special value.* ® 2% 4 

The electrocardiogram during anoxemia induced in patients with angina 
pectoris.—The effect of induced anoxemia on the electrocardiogram has 
been studied in fifty-six cases of angina pectoris.27 7% 5 91) 32, 38, 34, 35, 38 
Not all of the patients developed angina under the conditions of the 
studies. 

Changes in the S-T segment occurred in twenty-eight subjects; only 
Dietrich and Schwiegk*® found such changes in every patient. Varia- 
tions in the T waves were not analyzed by all investigators; Levy, 
Barach, and Bruenn™ found that continued breathing of an atmosphere 
containing 12 per cent oxygen caused a decrease in the voltage of the 
T waves in all of the ten patients whom they studied, and that inversion 
in some instances, whereas Graybiel®® and Katz*? and their co- 
workers found such changes in some, but not in all, eases. Larsen** ob- 
served no electrocardiographie changes in the three-lead electrocardio- 
grams of four out of the five patients with ‘‘myoearditis.’’ Levy, 
Bruenn, and Russell*’ found that breathing an atmosphere containing 
[ changes in the precordial lead, as 


r 


10 per cent oxygen caused S-T and 
well as in Lead Tf. 

The electrocardiogram in patients with angina pectoris induced by the 
subcutaneous injection of epinephrine.—Katz, Hamburger, and Lev** 
have shown that adrenalin causes a depression of the S-T segment and 
a change in the voltage of the T waves in most, but not in all, patients 
with angina; these changes resembled closely those seen during spon- 
taneous attacks. Levine, Ernstene, and Jacobson** found no appreciable 
or constant change in the contour of the S-T segment, but did note some 


change in the voltage of the T waves. 


METILODS 


THE ELECTROCARDIOGRAM DURING, BEFORE, AND AFTER ATTACKS OF ANGINA PECTORIS 
INDUCED BY EXERTION 

Attacks of angina pectoris were induced by having patients repeatedly mount 
and descend a two-step staircase under standardized conditions in the manner previ- 
ously preseribed.89 An electrocardiographic tracing was taken for one full minute 
with the patient standing at rest, and was continued without interruption through- 
out the exercise, throughout the attack of induced pain, and for one or more minutes 
after the pain had disappeared. Only one attack and one electrocardiographic 
lead were studied on any given day. 

Twenty patients, sixteen men and four women, were studied. Five of these 
patients had arterial hypertension (a systolic pressure of 160 mm. Hg, or more, 


or a diastolic pressure of 90 mm. Hg, or more), 


THE INFLUENCE OF BREATHING LOW CONCENTRATIONS OF OXYGEN ON THE 
ELECTROCARDIOGRAM 
Generalized anoxia was induced in sixteen of the twenty patients with angina 
pectoris according to the method described by Rothschild and Kissin.86 These 


patients rebreathed room air for eight to fifteen minutes, and, as a result, lowered 
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the oxygen concentration of the inspired air to between 8 and 10 per cent. The 
rebreathing was stopped either when the patient developed pain or when the 
spirometer was emptied. 

Anoxia was also induced in five of the twenty patients with angina by having 
them breathe an atmosphere of fixed, low-oxygen content for ten minutes, or until 
precordial pain was experienced. The subjects, while at rest in the recumbent 
position, breathed from a large spirometer containing room air so diluted with 
nitrogen that it contained approximately 10 per cent oxygen; the valves were arranged 
to prevent rebreathing. Analyses of the oxygen content of the mixture were made 
by the Haldane method. Electrocardiographie tracings were taken continuously 
during these experiments. The precordial lead was studied in each patient, for 
the greatest changes following exercise occurred in this lead; in some instances 
one of the standard leads which had shown marked changes following exertion was 


also studied (usually Lead II); again, only one lead was taken on any day, 


TECHNIQUE OF TAKING AND READING THE ELECTROCARDIOGRAPHIC TRACINGS 
A string galvanometer electrocardiograph was used in these studies. The skin 
resistance changed frequently during the course of the experiment, making it neces 
just below 


sary to restandardize frequently. The arm electrodes were attached 
ot 


the insertion of the deltoid muscle to minimize somatie tremor and the effects 
skeletal muscle contraction; this precaution was of value only in Leads I and IV. 
A limb electrode (1.5 by 2.5 inches) was used for the precordial electrode because 
the cireular, 3 em. electrode was found to move during exercise. 

These studies were carried out before the present methods for taking precordial 
leads were adoptei; for convenience, the precordial lead was taken on Lead II, 
with the right arm electrode in the fifth intercostal space at the midclavicular line, 
and the left leg electrode on the left arm. The curves were interpreted in accordance 
with the present accepted methods, i.e., an upright wave was called a negative deflec 
tion, and an elevation of the S-T segment was termed a depression. In measuring 


the electrocardiogram, the P-R interval was taken as the isoelectric level; measure 


TABLE I 


FREQUENCY OF CHANGES IN THE ELECTOCARDIOGRAPHIC COMPLEXES OF TWENTY 
PATIENTS DurInGc ATTACKS OF ANGINA PECTORIS INDUCED By EXERTION 


NUMBER 


OF | NUMBER OF TRACINGS 
PATIENTS SHOWING CHANGES 
SHOWING 
CHANGES | 7 | VOLTAGE] race DI NOTCHED 
INONEORK| | LEAD) LEAD| LEAD] LEAD IN- | PHLASIC | SLURRED 
MORE TOTAL! II | IV |CREASED) OR IN or 
LEADS VERTED | SPREAD 
P 11 2/ 2 5 5 9 0 0 
P-R 14 | 3 5 7 r | 8 15 
QRS 417 | 38 |} 12] 7] 13 4 0 1 
S-T 20 | 59 | 10} 9 | 11] 20 7 
19 | 33 | 7 7 14 1s 15 Ot ] 
Total num- | 20 76 | 20] 18 ls | 20 
ber of | 
patients | 


or leads 


*Increased voltage of P, QRS, and T waves, Nine leads in five patients. 


Elevation of S-T segment. 

Prolongation of P-R interval. 

tIn two patients, an upright T wave became diphasic (Leads I and IV); in two, 
a negative T wave became positive (Lead IV); in one, a T wave diphasic with the 


patient at rest became completely inverted or more strikingly diphasic (Leads TI, TI, 


and IV). 
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ments using the T-P interval as the isoelectric level gave similar results, but in 
many instances the increase in both heart rate and P-wave size following exertion 
caused obliteration of the T-P interval. Variations of less than 0.1 mv. in the 
voltage of the P or T waves or in the level of the S-T segment, changes of iess 
than 0.3 mv. in the QRS voltage (measured as the sum of the positive and negative 
excursions), and changes of less than 0.04 second in the duration of the P-R 
interval were difficult to measure accurately, and hence were ignored, 


RESULTS 


THE ELECTROCARDIOGRAM DURING, BEFORE, AND AFTER ATTACKS OF ANGINA PECTORIS 
INDUCED BY EXERTION 


The character of the electrocardiographic changes during attacks of 
angina is best illustrated by tracings recorded immediately after the ces- 
sation of exercise; this was within a few seeonds after the beginning of 


Mr.iF. Ace 48 Ancina Pectoris 


Lead | Lead Il Lead ill Lead IV 
11-26-35 12-3-35 12-10-35 1-27-35 


Before Exercise 


Patient Standing at Rest. 


33 to 53 Seconds after Exercise. 


One Minute after Pain gone. 


Fig. 1.—Changes in the electrocardiogram during and after attacks of angina pec- 
toris induced by exercise (selected portions of continuous tracings taken during and 
after exertion on four different days). The electrocardiogram at the onset of pain, 
when compared with tracings taken at rest, shows a decrease in the voltage of QRS 
in Leads I and IIL; a depression of the S-T segment in Leads I, II, and IV (Lead IV 
taken by the old method) ; and slight changes in the T waves of all leads. Immedi- 
ately after the pain had disappeared, the changes in the S-T segments became less 
pronounced. One minute after the cessation of pain the S-T segments became prac- 
tically isoelectric; the T wave in Lead IV has become diphasic, the QRS complexes 
have not yet returned to their original voltage. 


Onset of Attack ————— Immediately ofter Exercise — 50 to 6O Trips. 
Immediately after Pain gone ————— ee 
| 
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eardiae pain (Table I, Figs. 1, 2, and 3). A total of seventy-six leads 
was obtained ; all four leads were taken in eighteen patients, and only 
Leads I and IV in the remaining two. 

Changes in voltage were by far the most frequent; variations of form, 
although striking, were comparatively uneommon, and were usually 
accompanied by a change in voltage. The four-lead electrocardiogram, 
taken under the usual clinical conditions, with the patient at rest, showed 
abnormalities indicative of coronary artery disease in ten of the twenty 
patients. There was no conspicuous difference between the response of 
those with normal and those with abnormal eleectroeardiograms at rest, 
or between those with hypertension and those with normal arterial 


pressure. 
MR M.F Ace 39 Anoina PeEcrTorts 
LEAD | LEAD I! LEAD Ill LEAD IV 
19- 37 10- 23- 37 26-37 10-30-37 


Patient Standing at Rest 


Immediately atter Exercise — 27 to 36 Trips 


Before Exercise 


Onset of Attack 


Immediotely offer Paingone «442. to 6! Seconds after Exercise 


One Minute after Poin gone 


Fig. 2.—Changes in the electrocardiogram during and after attacks of angina pec 
toris induced by exercise (selected portions of continuous tracings taken during and 
after exertion on four different days). At the onset of pain the S-T segment in Lead 
IV (taken by the old method) became markedly depressed, as compared with the trac- 
ings taken while at rest, while Leads II and III show very slight depression (less than 


1 mm.), and the voltage of Ty has increased. By the time the pain disappeared the 
T waves became more prominent in Leads I and III; one minute later the S-T segment 
in Lead IV still showed some depression, as compared to the tracings taken while at 


rest. 


| 
} PA PA AA 
NaN 
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Deviation of the S-T segment was the most common change. This 
occurred most often in Lead IV, where it was found in all of the twenty 
patients; in three patients S-T changes were found in the precordial 
lead only. The magnitude of the changes varied from 0.1 to 0.15 my. in 
thirty-one instances, and from 0.15 to 0.3 my. in nineteen tracings; in 
all of the latter there was a depression. The change usually occurred in 
the first third of the S-T segment. <A positive Pardee’s sign was found 
onee., 

Changes in the T wave were striking, but were not as common at the 
onset of pain as were the S-T changes. The magnitude of the changes 
varied from 0.1 to 0.15 my. in twenty-two instances, and from 0.15 to 
0.55 my. in the remaining eleven. Changes in the P waves were not 
striking. Changes in the P-R interval were of little significance except 
in one instanee, in which the duration increased from 0.18 to 0.22 see- 
ond. Changes of 0.3 to 0.5 my. in the voltage of the QRS complexes 
occurred in nineteen tracings; nineteen others showed changes greater 
than 0.5 my.; two patients showed changes greater than 1 my. (1.5 and 
2.7 my., respectively). In four instances changes in voltage occurred 
rhythmically, apparently with respiration. Three patients showed an 
increase of 3 to 4 mm. in the amplitude of S,; no patient developed a 
more prominent Q,. Two patients, whose initial deflection of QRS, was 


CASE B.L. LEAD IV 


8 TRIPS 75 SECONDS LATER 
NO PAIN PAIN GONE 
17 TRIPS | MINUTE 


PAIN BEGINS AFTER PAIN GONE i 


19 TRIPS 
ANGINA ATTACK 
STOP EXERCISE 


5 MINUTES 
AFTER PAIN GONE 


Fig. 3.—Changes in the precordial lead (old method) before, during, and after an 
attack of angina pectoris induced by exertion. Changes in the S-T segment and T 
wave began shortly after the onset of exercise, and increased only slightly until the 
patient was forced to stop because of pain, Further changes, especially in the T 
waves, occurred after the pain had disappeared. 
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negative during rest, developed a positive initial deflection during exer- 
cise. In no instance did a positive initial deflection disappear during 
exertion. 

The time of onset of the electrocardiographic changes during exercise 
could be ascertained readily in Leads I and IV because the complexes in 
these leads were not obliterated by the tremor of exertion. Changes in 
the electrocardiogram usually became evident after ten to fifteen trips, 
whereas pain did not begin until twenty to seventy trips had been made. 
The early changes were quite similar to those observed after pain had 
developed, but were usually slightly less pronounced (Fig. 3). 

Changes in the electrocardiogram after the disappearance of pain. 
Cardiae pain continued for 15 to 150 seconds after the cessation of exer- 
cise in these twenty patients. The changes in the electrocardiogram 
which had become evident at the onset of pain either diminished or dis- 
appeared in about one-half of the tracings, whereas they either per- 
sisted or became more pronounced in the other half (Table IL). Of the 

TABLE II 
CHANGES IN THE ELECTROCAKDIOGRAPHIC COMPLEXES AFTER THE CESSATION OF AN 
ATTACK OF ANGINA PECTORIS INDUCED By EXERTION, COMPARED WITH THOSE 
OBSERVED DURING THE HEIGHT OF PAIN (76 LEADS IN 20 PATIENTS) 
AT ONSET | 
OF PAIN 


IMMEDIATELY AFTER DISAPPEARANCE OF PAIN 


NUMBER OF 


FURTHER CHANGES IN) ELECTROCARDIOGRAM 


LEADS 
SHOWING - NEW OB 
ADDITIONAL 
ELECTROCAR- CHANGES CHANGES CHANGES |NO FURTHER| 
DICGRAPHIC | DIMINISHED | DISAPPEARED | INCREASED CHANGES 
CHANGES 

2 5 3 3 
P-R 23 l 11 l 10 1 
QRS 38 12 5 ] 2) 2 
S-T 50 1s 7 8 17 6 
T 33 3 16 9 
ONE MINUTE AFTER DISAPPEARANCE OF PAIN 
Pp 5 3 7 
P-R 14 5 1 
QRS | 10 14 6 s 6 
S-T | 20 l4 7 9 9 


patients who showed no S-T or T changes at the onset of pain, about one- 
fourth developed such variations before the pain disappeared (Table 
IT, Figs. 1, 2, and 3). 

After the pain had subsided, further changes developed in many in- 
An inerease in the amplitude of the T wave occurred in about 


stances. 
Diphasie T waves became evident in ten of 


one-third of the tracings. 
the twenty eases (usually in Leads IV and 1) ; 
stances diphasie T waves had been present during rest or at the onset 


in three of these in- 


of pain. 
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The total duration of the abnormalities induced by exertion was not 
ascertained ; one minute after the pain had subsided, 20 per cent of the 
tracings still showed changes as compared with the resting electrocardio- 
gram; in one case the changes persisted for several hours, whereas in 
another they persisted for more than five minutes after the disappear- 
ance of pain. The duration of the alterations in the electrocardiogram 
bore no constant relationship to the changes in heart rate during or 
following exercise. 


THE EFFECT OF BREATHING AN ATMOSPHERE CONTAINING A LOW CONCENTRATION 
OF OXYGEN 

With the rebreathing method of Rothschild and Kissin,*' we were able 
to induce slight precordial distress in only one of sixteen patients, al- 
though attacks could be induced regularly in all of these patients by the 
standardized exercise tolerance test. Only one patient (who, incidentally, 
did not develop pain) showed electrocardiographie changes during the 
period of rebreathing. 

When anoxemia was induced by having patients breathe an atmos- 
phere of constantly low oxygen content, four of the five patients devel- 
oped precordial pain similar to that experienced in daily life or during 
the standardized exercise tolerance test. All five patients developed 
changes in the electrocardiogram which were similar in all respects, 
except for heart rate, to those observed in the same patients during at- 
tacks induced by exercise (Fig. 4). Here, again, the electrocardio- 
graphie changes began before the onset of pain and persisted after the 
disappearance of anoxemia and pain (Table ITT). 


TABLE III 
EFFECT OF BREATHING ATMOSPHERES CONTAINING LOW CONCENTRATIONS OF 
OXYGEN ON THE ELECTROCARDIOGRAM OF PATIENTS W1TH ANGINA PECTORIS 


DURATION | TIME OF | DURATION | ATTACK 


CASE OF genoa ONSET OF OF EKG OF 
ANOXEMIA | EKG CHANGES | CHANGES* ANGINA 
Minutes | Minutes Minutes 
Ee | 3.1 9.39 ] 2 yes 
a. 6.6 10.08 3 2 yes 
B. A. | 10.0 11.71 8 1- no 
6.3 9.92 3 yes 
L. W. | 6.0 10.08 | 4 2 no 
| 5.2 8.89 4 5 + yes 
H. Ss. | 10.0 10.05 | 7 5 


+ 


*After cessation of breathing low oxygen concentration, 
Less than 1 minute. 
+More than 5 minutes. 


COMMENT 
It is evident from the literature that changes in the level of the S-T 
segment and in the voltage of the T waves may be found in the tracings 
of some, but not of all, patients during attacks of angina. It is also evi- 
dent that the changes which oceur are similar, regardless of whether the 
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attacks occur spontaneously or are indueed by exercise, generalized 
anoxemia, or adrenalin. Opinions differ not only concerning the fre- 
queney, character, and degree of these changes, but also concerning the 
relative importance and frequeney of alteration of the level of the S-T 
segment and of changes in the direction or voltage of the T wave. The 
few investigators who have obtained precordial leads do not agree on 


the results. 


CASE B.A. 


CONTROL CONTROL 
DURING DURING 
PAIN PAIN 
CONTROL CONTROL 
DURING NO 
PAIN PAIN 
FOLLOWING DURING 


EXERCISE ANOXEMIA 


Fig. 4.—The similarity of the electrocardiographic changes during attacks of pain 
induced by exercise and those observed during generalized anoxemia. 

When electrocardiographie tracings are taken conftimuously, as in the 
present investigation, it becomes evident that changes in the charaeter 
of the curves begin soon after the onset of exercise or anoxemia, increase 
slightly until the patient is forced to stop because of pain, and then sub- 
side rapidly or assume a somewhat different character. They may oecur 
in all leads, but are most common and most striking in the precordial 
lead. The most common change during the height of the pain is a de- 
pression or an clevation of the S-T segment, accompanied by a change 


in the contour of this part of the curve. Changes in the voltage of the 


T waves are common, but do not always occur; such changes are more 
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frequent after the attack has persisted for some time or after the pain 
has disappeared. Variations in the P waves, QRS complexes, and P-R 
intervals are slight. 

The similarity of electrocardiograms following exertion or an attack 
of angina to those following coronary occlusion may be of considerable 
practical importance. Exercise or emotion insufficient to induce an 
attack of angina may nevertheless cause changes in the electroeardio- 
eram. <A single tracing taken to establish the diagnosis of myoeardial 
infaretion is of little value, and, in faet, may give false information 
unless the patient has been at rest and has experienced no angina for 
some time (at least fifteen minutes, and longer in some instances) before 
the tracing is recorded. 

The attempt to precipitate attacks by inducing generalized anoxemia 
is of little practical value in the diagnosis of angina pectoris. The re- 
breathing method of Rothsehild and WKissin induces attacks in only a 
small percentage of patients with angina. Continuous breathing of an 
atmosphere containing 10 per cent oxygen is more likely to induce 
pain, but here, again, patients with obvious angina may fail to develop 
an attack. 

The electrocardiogram during an attack of spontaneous chest pain is 
not only difficult to obtain, but also appears to be of little value in 
establishing the diagnosis of angina pectoris or coronary artery disease. 
Although depression or elevation of the S-T segment in the precordial 
lead is observed frequently during an attack of angina, the fact that 
such a change may oceur before the onset of pain indieates its lack of 
specificity. Furthermore, as will be shown, similar changes can be in 
dueed in normal persons who have no heart disease. 


Part Il. THe MecHANISM UNDERLYING THE ELECTROCARDIOGRAPHIC 
CHANGES DurING ATTACKS OF ANGINA PECTORIS 


It is now generally agreed that attacks of angina pectoris are caused 
by relative myoeardial anoxemia and its sequelae.*° It has been demon- 
strated that attacks of angina ean be induced by anoxemia,*! *? and also 
that the amount of work which ean be accomplished by some patients 
before they experience pain can be increased if they breathe a high eon- 
centration of oxygen before and during exercise.“ 

The present studies show that the electrocardiographie changes dur- 
ing attacks of angina induced by generalized anoxemia are comparable 
to those observed in the same patients during angina indueed by exer- 
cise (Fig. 4+). It is likely, therefore, that the electrocardiographic 
changes also are secondary to myoeardial anoxemia. The following ex- 
periments afford additional evidence in favor of this view, for they show 
that breathing high eoncentrations of oxvgen before and during exer- 
cise may delay the electrocardiographie changes which would other- 


wise oeeur. 
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METHODS 


The minimum amount of work required to induce changes in the S-T segment 
of Lead IV was ascertained in four patients with angina pectoris by having each 
perform decreasing amounts of work on successive days. On a subsequent day the 
patient inhaled undiluted oxygen for ten minutes while standing at rest; then, 
while continuing to breathe oxygen, he repeated the minimum amount of work 
which previously caused S-T changes. 

A series of Douglas bags connected to a stationary manifold served as a reser 
voir for the oxygen. Rubber tubing with an inside diameter of % inch was led 
from this reservoir to the patient in a manner which did not interfere with the 
exercise. 

An electrocardiogram was taken before 
oxygen for nine and three-quarters minutes while the patient was still standing 
at rest, continuously during the exercise, and for two minutes thereafter. The 
technique of taking the electrocardiograms and the methods of measuring the 
tracings in these experiments were similar to those described in Part I. Results 
were accepted only if they could be duplicated on a subsequent date. 


the test was begun, after breathing 


RESULTS 
The minimum amount of exertion necessary to induce electrocardio- 
graphie changes in the four patients studied proved to be 17, 25, 40, 
and 60 per cent, respectively, of the amount of work necessary to induce 
pain. When these patients performed the same amount of exercise while 
breathing pure oxygen, three of the four showed no electroecardiographic 
changes (Fig. 5). Breathing oxygen under the same conditions failed 
to prevent the electrocardiographie changes induced by five to ten trips 
more than the minimum necessary to cause changes when breathing 
room air. 
Part HI. CHANGES ArreR EXERCISE AS 
DIAGNOSTIC CRITERIA OF ANGINA PECTORIS OR CORONARY DISEASE 
Electrocardiographie changes following exertion can be used as ob- 
jective evidence of angina pectoris only if the response of normal sub- 
jects differs materially from that of patients with angina. <A survey 
of the literature, however, does not reveal sufficient information con- 
cerning the electroeardiographie response of normal individuals and 
also of patients with angina after identical exertion. The purpose of the 
present investigation is to compare the tracings of normal subjeets and 
patients with angina after performing the same task, in order to evalu- 
ate the practical significance of this procedure in diagnosis. 


REVIEW OF THE LITERATURE 

Scherf and Goldhammer, in 1933,'” 7° after studying the 3-lead elee- 
trocardiograms of patients with angina pectoris following knee bending 
or running rapidly up 64, 96, or 128 steps, concluded that a depression 
of the S-T segment, greatest in Lead II, was diagnostie of coronary 
artery disease. Control studies on normal subjects were not deseribed ; 
moreover, eight of forty patients with definite angina showed no such 
Von Mentzigen”*? stated that negativity of the S-T segment 


changes. 
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after bending the knees ten times indicated severe myocarditis. This 
conclusion was based on a study of 2300 normal and ill persons, but no 
statistics were presented, and three of his illustrations showed depres- 
sion of the S-T segment in normal subjects. Duchosal and Henny,*® *’ 
using varying amounts of exercise for different patients, concluded that 
a depression of the S-T segment, plus a depression or inversion of the 
T wave, indicated myocardial ischemia. Cardiae patients without angina 
pectoris and normal subjects failed to show such changes after exhaust- 
ing work; however, in sixteen of thirty-one cases of known angina there 
were no changes, and in two of seventy-two normal subjects there were 
definite or doubtful changes. Missal® found T and R-T changes in the 
electrocardiogram during angina induced by exercise, and coneluded 
that this may be of diagnostic value in doubtful cases; studies on normal 
controls were not reported. Faliero,' 


without presenting complete data, 
concludes that in 32 per cent of cases of angina pectoris electrocardio- 
graphie changes are produced by work. Raab and Schénbrunner** have 


CASE #.B. LEAD IV 


CONTROL 


EXERCISE 


10 =TRIPS 


CASE S.R. LEAD IV 


CONTROL 


EXERCISE yn y" 


10 TRIPS 


BREATHING BREATHING 
ROOM AIR OXYGEN 


Fig. 5.—The effect of breathing oxygen before and during exercise, showing minimal 
electrocardiographic changes induced by small amounts of exercise while breathing 
room air, and prevention of these changes on performing the same amount of work 
while breathing pure oxygen (precordial leads taken by old method). 

The electrocardiograms of patient S. R. show a slight depression (about 0.5 mm.) 
of S-T (as compared with P-R) while at rest, and a slight elevation of S-T after 
exercise while breathing room air, but not while breathing oxygen. 

Patient H. B. shows definite negativity of the S-T segment and definitely decreased 
voltage of the T waves after exercise while breathing room air; these changes do not 
occur on performing the same amount of work while breathing oxygen, 


| 

— 
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used the electrocardiogram after exercise to demonstrate improvement 
after treatment by X radiation of the adrenals. Puddu,** alone of this 
eroup, has studied the electrocardiographie response of subjects without, 
as well as with, angina pectoris to an identical task. Nine of his four- 
teen patients with angina showed greater changes in the electroeardio- 
eram following exertion than were observed in any of the ten normal 
subjects studied ; the response of the remaining five patients with angina 
was similar to that observed in the normal subjects. Missal* and 
Puddu** found that the precordial lead sometimes yielded positive in- 
formation when the conventional three leads showed nothing. 

Other investigations suggest that the eleetroeardiogram after work 
has little diagnostie significance. Wood and Wolferth,’® who studied 
the electrocardiogram during induced attacks of angina pectoris, found, 
in 1931, that fifteen of thirty patients showed no more electrocardio- 
graphie changes during attacks than did normal subjects after exhaust- 
ing exercise. Rosenberger,’ in 1934, found that sixteen of eighteen 
voung normals showed changes in the S-T segment after work which 
were similar to those reported by others to be of diagnostic value. 

The electrocardiogram of normal subjects following erertion.—Ein- 
thoven,** in 1908, and Messerle**? made no comment about the S-T see- 
ment after strenuous exertion, but each published two illustrations show- 
ing that changes occurred in normal subjects. Hoogerwerf** found that 
10 per cent of Olympic athletes, after exertion, showed changes, espe- 
cially in the level of the S-T segment, of a magnitude similar to that 
which oeceurs in myoeardial infaretion. Jezierski*® found a depression 
of the S-T segment in many soldiers after strenuous marching; 
O’Sullivan, and Hughes®® found similar changes after a rowing race. 
Zettel and Fink*! found comparable changes in young normals who exer- 
Bramwell and Ellis’? made no comment 


Cooper, 


cised while wearing gas masks. 
about the S-T segment after exercise, but called attention to a decrease 
in the voltage of the T wave in some normal subjects, and an inerease 
in others. These investigators studied only the conventional three leads. 
Bierring, Larsen, and Nielsen,’ who studied the precordial lead only, 
found that work on a bieycle ergometer caused a depression of the S-T 


segment. 
METHODS AND MATERIALS 


The series studied consisted of fifteen patients with angina pectoris and fifteen 
normal subjects. Ten of the fifteen patients with angina were selected because 
they belonged to the original group of twenty reported in Part T; the 
remaining five patients with angina were similar clinically. Ten of the fifteen 
normal subjects were medical students, interns, or laboratory workers; they were 
between 25 and 31 years of age, and were chosen because of their youth, health, 
The remaining five 


activity, and freedom from any suggestion of heart disease. 
18 to 73 


normal subjects were members of the hospital maintenance department, 
at moderately hard physical labor. These latter 


years of age, and were employed 
subjects had slight, or no, arteriosclerosis, as judged by ophthalmoscopie and physical 
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examination, and no evidence of heart disease, insofar as one could tell by the 
history, physical examination, blood pressure measurements, and standard four-lead 
electrocardiograms. 

The exercise consisted of mounting and descending the two-step staircase twenty 
times (twenty trips), as in previous studies.29 This requires little or no training, and 
causes little emotional reaction, The temperature of the room was maintained constantly 
at 45° F. to 50° F. because patients with angina are more likely to develop pain, 
and their exercise tolerance is more constant, in this relatively cold environment 
than at ordinary room temperature. All tests were carried out at least one how 
after a light breakfast, and all medication was avoided for at least twelve hours 
prior to the test. The patient rested for at least fifteen minutes before the test 
was begun; one hour was allowed to elapse if pain had been experienced recently ; 
as a rule, only one test was performed on each subject, but the results were checked 
by repetition in some subjects, and in the patients with angina by comparison 
with tracings taken during an induced attack. 

A control tracing, fifteen seconds in duration, was taken with the patient stand- 
ing at rest. The standard exercise was then performed, with the electrodes still in 
place, and the machine, but not the camera, running continuously. The camera was 
started immediately before the cessation of work, and continued to run for fifteen 
seconds after the exercise was stopped. In many instances, additional fifteen-second 
strips were photographed one, two, and three minutes after stopping the exercise. 

The precordial lead only was employed in this investigation, for previous studies 
had indicated that the greatest changes might be expected in this lead. The trac 
ing was taken with the lead switch on II, with the left leg electrode in the fifth 
intercostal space at the midelavicular line, and with the right arm electrode on the 
right arm immediately below the insertion of the deltoid. According to the 
present nomenclature, this is Lead IVR, and an upright wave indicates relative 
positivity of the precordial electrode. Some subjects showed more striking changes 
in the precordial lead when the right, instead of the left, arm was used; in others 
the reverse was true, but in most instances it made little difference which arm 
was used, 

A vacuum-tube electrocardiograph®* was employed, and proved more satisfactory 
than the string galvanometer for the purpose of this study, for it was simpler and 
quicker to operate, did not require frequent restandardization, and showed less 
wandering of the baseline. Tracings taken with the two types of instruments, and 
on the same subjects, both before and after exercise, were identical for all practical 
purposes, 


RESULTS 


The patients with angina pectoris, after twenty trips over the two- 
step stairease, showed changes in the electrocardiogram which were eom- 
parable to those observed during the height of the pain. Only two pa- 
tients developed angina under the conditions of the study; in the re- 
maining thirteen patients the exercise was 32 to 8&3 per cent of the 
amount necessary to induce pain. 

Changes in the P waves and QRS complexes were few; changes in the 
S-T segments and T waves were frequent and striking (Table IV, Fig. 
6). The level of the S-T segment became depressed more than 2 mm. 
in two patients, from 1 to 2 mm. in eleven, and did not change essentially 
in the remaining two patients. Changes in the T waves of more than 


*Sanborn Cardiette, 
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2 mm. were observed in nine patients, four of whom showed a decrease 
of 2 to 7 mm., and five an increase of 2 to 4 mm. The type and degree 
of change in the S-T segment or T wave did not depend upon the char- 
acter of the four-lead electrocardiogram taken under the usual elinical 
conditions, except that one patient who had a diphasie T wave in Lead 
IV while at rest showed an exaggeration of this characteristic after 
exertion. 

The normal subjects showed changes in the electroeardiogram after 
twenty trips which were similar to those observed in the patients with 
angina pectoris in some respects, and different in others. 

An inerease in the voltage of the P wave oceurred in five subjects. 
Changes in the level of the S-T segment not exceeding 1 mm. oceurred 
in ten subjects; the remaining five developed changes in the S-T level of 
mm. in the amplitude of the 


0.5 mm., or less. A decrease of 2 mm. to 7 
T wave occurred in thirteen subjects; no patient developed an inerease 
in the voltage of the T wave. Six subjects showed a definite notching, 
amounting almost to a reduplication, of the T wave, following exercise. 
A similar degree of notching was not observed in patients with angina, 
except occasionally when exercise was performed following medication. 
The changes in the ten young normals were not materially different 
from those observed in the five older subjects without heart disease, 
except that four of the young normals developed a decrease of more than 
5 mm. in T-wave amplitude, whereas only one of the older subjects 


showed a similarly large decrease. 


TABLE IV 
FREQUENCY OF ELECTROCARDIOGRAPHIC CHANGES (PRECOKDIAL LEAD) IN 15 PATIENTS 
Witn ANGINA PEcTORIS, AND 15 SuBJEcTS WITHOUT HEART DISEASE, AFTER AN 
IDENTICAL TASK 


PATIENTS WITH 
NO HEART 


| 
ANGINA PECTORIS 


DISEASE 
P Wave 
Change of less than 1 mm. 12 10 
Decrease in amplitude 1 mm. 1 0 
Increase in amplitude 1 mm. 2 5) 
QRS Complex 

Change of less than 3 mm. 11 7 
Decrease in amplitude 5 mm. to 5 mm. 3 6 
Increase in amplitude 3 mm. to 4 mm. 1 2 

S-T Segment 
Change of less than 1 mm. 2 5 
Depressed 1 mm. s 10 
Depressed 1.5 mm. to 2.5 mm. 5 0 

T Wave 
Change of less than 1 mm. 1 0 
Decrease in amplitude 1 mm. + 2 
2 mm. to 4 mm. 2 8 
5 mm. to 7 mm. 2 5) 
Increase in amplitude 1 mm. 1 0 
5 0 


2 mm. to 4 mm. 
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COMMENT 


The amount of exercise used in these studies (roughly comparable to 
climbing two flights of stairs®*®) was selected only after considerable 
experiment. Larger amounts of work were not practical, for the major- 
ity of patients with angina developed pain after twenty-five to thirty- 
five trips; smaller amounts proved to be inadvisable because many pa- 
tients with angina failed to show electrocardiographic changes after 
less than twenty trips. 

In general, patients with angina pectoris are more likely to develop 
a depression of the S-T segment of more than 1.5 mm., or an inerease in 
the voltage of the T wave. On the other hand, patients with angina are 
less likely to show an inerease in the voltage of the P wave, or a marked 
decrease in the voltage, or a deep notching, of the T wave. This marked 
decrease in T-wave voltage in young normals after exertion is similar to 


COMPARISON OF RESPONSE TO AN IDENTICAL Work Test 


Patients with Angina Pectoris 


Mrs.B.K. Age 50 Mr. P.R. Age § Mr.A.C. Age 53 Mr.H.S. Age 60 
Before 
Exercise 
After 
Exercise 
Subjects without Heart Disease. 
Mr. A.L. Age 23 Dr.P.K. Age 26 Mr. C.K. Age 53 Mr.D.F. Age 73 
Before 
Exercise 
After 
Exercise 


Fig. 6.—Patient B. K. shows changes in the S-T segment which are greater than 
those observed in the normal subjects and in most of the patients with angina. 

Patients P. R. and A. C. show the more common degree of depression of the S-T 
segment in patients with angina; this is similar to the degree of change observed in 
normal subjects A. L., P. K., and C. kK, 

Patient H. S. and normal subject D. F. show little or no change in the level of the 
S-T segment. 

Normal subjects A. L. and P. K. show a more marked decrease in the voltage of 
the T wave than is usually seen in patients with angina pectoris. (Precordial lead 
taken by new method; Lead IVR). 
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the T-wave changes in young subjects observed by May® during gen- 
eralized anoxemia. These changes in the S-T segments and T waves 
are probably the expression of the local oxygen debt which follows mus- 
cular activity. 

The response of the electrocardiogram to exercise does not appear to 
be of great practical value in the diagnosis of coronary artery disease. 
Of thirty subjects (fifteen normal and fifteen with angina), more than 
half showed definite changes in the S-T segment which were so similar 
that it was impossible to distinguish between the tracings of a young 
healthy subject and those obtained from patients during an attack of 
angina pectoris. If the changes are considered significant, the test yields 
a false positive result in two-thirds of normal persons. On the other 
hand, two patients with angina showed no definite change in the electro- 
cardiogram after exercise, indicating that the test may yield a false 
negative result in certain patients with definite coronary artery disease. 

One-third of the patients with angina showed changes in the S-T seg- 
ment which were greater than those observed in any of the normal sub- 
jects in this series. This may be of importanee, but in two of these five 
patients the change in the S-T segment was only slightly greater than 
that observed in our normal subjeets, and no greater than that in some 
of the normals studied by Rihl, Huttmann, and Spiegl,*° Hoogerwerf,** 
and Rosenberger ;*° a larger series of normal subjects (especially those 
in the coronary artery disease age group) will have to be studied before 
one ean be certain that, occasionally, normal persons may not show even 
greater changes. The practical value of these changes is further de 
creased by the fact that three of the five patients who showed compara- 
tively great changes after exertion had abnormalities of the standard 
four-lead eleetroecardiogram at rest, so that the result of the test gave 
little additional information. It is evident, therefore, that the effeet of 
exercise on the eleetrocardiogram of normal subjeets and on that of 
patients with angina pectoris is not sufficiently different to be of diag- 
nostie value. 


Part LTV. CHANGES DuRING GENERALIZED 

ANOXEMIA AS A DIAGNOSTIC CRITERION OF ANGINA PECTORIS 

or CoroNAaRY ArtTERY DISEASE 
INTRODUCTION AND REVIEW OF THE LITERATURE 

The purpose of this investigation is to compare the electrocardio 
eraphie response of normal subjects with that of patients with angina 

pectoris, in order to evaluate the diagnostic value of this procedure. 
Katz, Hamburger, and Schutz*? studied the conventional three-lead 


electroeardiogram obtained during anoxemia indueed by rebreathing 
room air. They found that anoxemia eaused a depression of the S- 
segment and a diminution in the amplitude of the T wave 
oeeasionally led to inversion in normal subjects and also in patients with 


whieh 


/ 
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angina pectoris. These results have been confirmed by Larsen,®* Dietrich 
and Schwiegk,*® Rothschild and Kissin,** Graybiel, Missiuro, Dill, and 
Edwards,” and Levy, Barach, and Bruenn,** but are contrary to those 
of Levy, Bruenn and Russell."** 


METHODS 

The method of taking electrocardiograms during induced anoxia has already 
been described in Part I. For the purpose of this analysis the tracings of the 
five patients who developed changes while continuously breathing an atmosphere 
containing approximately 10 per cent oxygen (Part I) were compared with the 
tracings of eight normal subjects who were studied under similar conditions. Four 
of the five patients with angina developed pain during anoxemia experiments. Five 
of the normal subjects were 25 to 30 years of age; the remaining three were be- 
tween 50 and 55. Only the precordial lead was used, for previous studies (Part I) 
indicated that the greatest changes might be expected in this lead; in the patients 
with angina these were taken according to the old method, using the apex and the left 
arm; in the normal subjects the tracings were taken according to the newer tech- 


nique, using the apex and the right arm (Lead IV R). 
RESULTS 
The results in the patients with angina have been described in Part I. 
Briefly, electrocardiographie changes occurred in each of the five patients 
who breathed an atmosphere containing approximately 10 per cent 
oxygen (Table V, Fig. 7). All five patients developed a change of at 


TABLE V 


FREQUENCY OF ELECTROCARDIOGRAPHIC CHANGES (PRECORDIAL LEAD) INDUCED BY 
ANOXEMIA IN 5 PATIENTS WirH ANGINA PECTORIS AND 8 SUBJECTS WITHOUT 
Heart DISEASE 
5 PATIENTS WITH |8 NORMALS WITH 
ANGINA PECTORIS | NO HEART DISEASE 


Changes in the level of the S-T segment 


Change of less than 1 mm. 0 ) 
Depressed 1 mm. 1 1 
Depressed 2 to 2.5 mm. 2 0 
Elevated 1 mm. 9 
Changes in the amplitude of the T wave 

Change of less than 1 mm. 1 1 
Decreased 1 mm. 1 | 1 

2 to 3 mm. | ] | 4 

5 mm. 0 2 
Increased 3 to 5 mm. | 9 
Inverted or diphasie 11 () 


'This person showed a diphasic T wave before the induction of anoxemia, as well 
as atter, 

*Leve, Bruenn, and their co-workers have published three studies of electrocardio- 
graphic changes in man following induced anoxemia. In the first investigation,™ an 
atmosphere containing 12 per cent oxygen was usea, and similar changes were induced 
in the electrocardiograms of normal subjects and patients with anzina. In the second 
study,® a mixture containing 10 per cent oxygen was breathed, for as long as twenty 
minutes, if necessary, to differentiate between the electrocardiographic response of 
normals and that of patients with coronary heart disease. Although most investiga- 
tors agree that few patients with angina show inverted or diphasiec T waves durin‘? 
attacks, Levy, Bruenn, and Russell® have utilized such changes to differentiate between 
normals and abnormals. Six of their patients with old coronary occlusion showed a 
“normal response” of the electrocardiogram to anoxemia; two of these six developed 
substernal discomfort during the test. T° e third report appeared after the present 
investigation was submitted for publication. In this third study (Levy, Bruenn, and 
Williams, Effects of Induced Anoxemia in Patients with Coronary Sclerosis as Modified 
by Certain Drugs, Trans. Assoc. Am. Phys. 54: 244, 1939), it was found inadvisable to 
attach any significance to T-wave changes. 
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least 1 mm. in the level of the S-T segment. Two patients developed a 
depression of 2 and 214 mm., respectively ; one of these two showed evi- 
dence of coronary artery disease in the standard four-lead electrocardio- 
gram which was taken at rest (diphasie T waves in Leads I, II, and IV). 
Changes in the voltage of the T wave occurred in two of the five pa- 
tients. No patient developed a diphasie or inverted T wave as the result 
of anoxia, but the one patient who had a diphasie Ty during rest showed 
an aecentuation of this phenomenon as a result of the S-T depression. 

Three of the eight normal subjects developed a change of 1 mm. in the 
S-T level; none showed a greater change. Seven showed a decrease of 
0.2 to 0.5 mv. in the voltage-of the T wave; no subject developed an 
inverted or diphasic T in Lead IV R. 

COMMENT 

In general, anoxemia, like exercise, is more likely to induce a depres- 

sion in the S-T segment of more than 1.5 mm., or an increase in the 


RESPONSE TO INDUCED ANOXIA 
Patients with Angina Pectoris. 
Mr.S.W. Age 40 Mr.H.S. Age 62 


Breathing 
Room Air 
10 % 
Breathing 10.0 Min. 
Oxygen 
Poor No 
Mixture Pain 
Subjects without Heart Disease. 
Mr. A.L. Age 23 Mr.J.K. Age 2! 
Breathing 
Room Air 
10.8 9% 0, 
Breathing 10.0 Min. 
Oxygen Aan Aw 
Poor No 
Mixture Pain 


Fig. 7.—Patient S. W. shows a slight change in the level of the S-T segment and 
the voltage of the T wave during an attack of pain induced by breathing an oxygen- 
poor mixture (precordial lead taken by the old method). These changes are compara- 
ble to those observed in normal subjects A. L. and J. K. (precordial leads taken by 
the new method), and less than those observed in a patient (H. S.) with angina 
pectoris who, however, failed to develop pain under these conditions. 
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T-wave voltage, in patients with angina than in normal subjects. The 
difference between the response of the two groups was more striking 
after anoxia than after exertion, and it would seem that the stimulus of 
generalized anoxemia approached the requirements for a diagnostic test 
more closely than did the stimnlus of exertion. There are, however, two 
factors which weigh heavily against general acceptance of an anoxemia 
test as a clinical diagnostic measnie; the first is concerned with its accu- 
racy, the second with its technics] difficulties and potential dangers. 

Although it appears to be trr that some patients with angina pectoris 
are likely to develop greater }5-T changes than do normal subjects, the 
changes as a whole are qualitatively similar, and it is frequently diffi- 
cult to tell from the electrocardiogram alone whether or not the indi- 
vidual has coronary artery disease. 

The technicai difficulties and possible dangers are definite drawbacks 
to general use of an anoxemia test. The oceasional untoward ef*ects of 
anoxia are well known. Schneider and Truesdale,®* and also Greene 
and Gilbert,*' produced unconsciousness in young normal adults by hav- 
ing them rebreathe room air; some subjects lost consciousness when 
the oxygen concentration fell to 11 per cent, but others were able to 
tolerate lower concentrations. Lennox and Cobb®™ induced convulsions 
in epilepties by having them breathe an atmosphere containing 12 per 
cent oxygen. Levy, Barach, and Bruenn** observed pulmonary edema 
in some subjects with coronary arteriosclerosis who breathed air con- 
taining a similar concentration of oxygen. Courville®® demonstrated 
microscopic changes in the brain in patients who suffered asphyxia dur- 
ing the induction of nitrous oxide anesthesia. Katz, Hamburger, and 
Schutz*? induced unconsciousness in ‘‘a few’’ of their subjects during 
the induction of anoxemia in a test for angina pectoris. Levy, Bruenn, 
and Russell*® caused pulmonary edema in two of their thirty-four pa- 
tients with coronary heart disease, and two other persons who probably 
had cerebral arteriosclerosis developed transitory mental confusion. 
Schneider and Truesdale** showed that unconsciousness may develop 
without adequate warning, even when frequent observations on the blood 
pressure, heart rate, breathing, and psychie state were made by two 
trained observers. No untoward effects were experienced by the thir- 
teen subjects studied in the present investigation; the constant, watch- 
ful attention of two observers was necessary throughout the test. The 
possibility of precipitating an attack of angina or pulmonary edema in 
a patient who may be unable to give adequate warning, together with 
the lack of evidence of any clear-cut difference between the responses of 
normals and angina patients in the published reports, as well as in our 
own studies, have led us to discontinue further tests. 

It must be pointed out that the anoxemia tests recorded in the litera- 
ture and used in the present investigation have varied the duration or 
the degree of anoxemia (or both) in every subject studied. It is rea- 
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sonable to believe that an anoxemia test might be of greater value in 
diagnosis if each subject were subjected to anoxemia of identical dura- 
tion and degree. It is unlikely, however, that the test will be of diag- 
nostic value even under such conditions, for one of our five angina pa- 
tients (who did not develop pain) and three of our normal subjects 
showed electrocardiographic changes after seven minutes of breathing, 
whereas the remaining four patients with angina developed pain in less 
than seven minutes, and hence were unable to continue the test for that 
length of time. It appears probable, therefore, that exposing every sub- 
ject to an identical anoxemia stimulus would result in false positive or 
negative reactions and would not be without danger. 

It must be concluded that the changes in the electrocardiogram in- 
duced by exertion or anoxemia are not of practical value in the diag- 
nosis of coronary artery disease, in spite of the fact that some patients 
with angina pectoris developed greater eleetrocardiographie changes than 
did normal subjects. The accuracy and value of a test for differential 
diagnosis must be judged not only by the occasional instanee in which 
the result of the test agrees with the facts known about the patient, but 
also by the number of instances in which the test may give false informa- 
tion. A test which may yield inaccurate information in subjeets whose 
eardiovaseular status is known will be of little aid when most needed, 


namely, when the clinical diagnosis is doubtful. 
SUMMARY AND CONCLUSIONS 


1. In the present investigation, clectrocardiograms were taken con- 
tinuously before, during, and after attacks of angina induced by exer- 
cise in twenty patients. Continuous tracings were also taken in five of 
these patients during generalized anoxemia, whieh produced pain in four. 

2. Changes in the electrocardiogram began long before the onset of 
the attack, increased until the exercise or anoxemia was discontinued, 
and then frequently assumed a somewhat different character. 

Before and immediately after the onset of angina the most common 
alteration was a change, usually a depression, in the level of the S-T 
segment; less frequently there occurred a change in the voltage of the 
T wave, which only rarely became diphasie or inverted. Changes in the 
QRS and P waves and the P-R interval were uncommon and usualls 
of slight degree. 

Toward the end of the attack, and, also, after the disappearance of 
pain, the changes in the S-T segment tended to diminish or disappear 
in most instances, whereas T-wave changes heeame more pronouneed ; 
half of the patients developed diphasic T waves in one or more leads 


at this time. 
3. These changes, especially those in the S-T segment and T wave,/ 


were most frequent and most striking in the precordial lead. ‘ 


\ 


RISEMAN ET AL.: ELECTROCARDIOGRAM IN ANGINA PECTORIS T05 


4. The changes induced by anoxemia were similar in all respects, 
except for the heart rate, to those observed in the same patients during 
attacks induced by exercise. 

». The onset of the electroecardiographie changes induced by exertion 
could be delayed by having the patients breathe oxygen before and 
during the exercise. This is in accord with the theory that myocardial 
anoxemia and its sequelae are the cause of anginal pain. 

6. Since the changes in the electrocardiogram began before the onset 
of pain and, in many instances, persisted or inereased after the pain 
subsided, it is obvious that the changes are not characteristic or diag- 
nostic of the attack of pain itself. 

7. The abnormalities in the eleetrocardiogram during and after an 
attack of angina pectoris following exertion may simulate those which 
occur in cases of coronary occlusion. To establish the diagnosis of myo- 
cardial infaretion, therefore, tracings should be taken after the patient 
has been at rest and has experienced no recent attack of angina. 

8. Changes in the electrocardiogram after exertion appear to be of 
little practical value in the diagnosis of angina pectoris or coronary 
artery disease, for some subjects without heart disease may show changes 
similar to those which oeeur in some patients with angina pectoris, 
whereas other patients with angina may fail to develop appreciable 
clectroeardiographie changes following the same amount of work. 

9. Changes in the eleetrocardiogram during generalized anoxemia 
appear to be of little practical value in differential diagnosis, for the 
difference between the normal and abnormal responses is not. suffi- 
ciently marked to avoid serious error; also, judging from the literature, 
the induction of generalized anoxemia is not without danger, especially 
in patients with arteriosclerosis of the coronary or cerebral vessels. 

We wish to express our thanks to the Sanborn Instrument Company for the 


loan of the vacuum-tube electrocardiograph used in some of these studies, 
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A STUDY OF THE HYPOTHETIC ANOXEMIC FACTOR IN 
EXPERIMENTAL AND CLINICAL HYPERTENSION 


ALFRED STEINER, M.D., Daviy M. Werks, M.D., 
AND ALVAN L. Baracu, M.D. 
New York, N. Y. 


HE mechanism of the production of hypertension in dogs by con- 

striction of the renal arteries' and the reduction of this experimental 
hypertension by pexis of the omentum or spleen to the kidney? have not 
been satisfactorily explained. . Since ischemia of the kidney is apt to 
result in anoxia, as well, the degree depending on the reduction of the 
blood flow and the oxygen consumption of the region affected, a search 
for a hypothetie anoxemie factor in experimental and elinieal hyperten- 
sion was undertaken. Levy, Light, and Blalock® reported a reduction of 
blood flow and oxygen consumption, with no significant change in the 
arterial-venous oxygen difference, in the kidney in experimental renal 
hypertension. It cannot be ascertained from the data presented whether 
the reduced oxygen consumption was caused by atrophy, or by a 
decrease in rate of oxygen consumption of the kidney. 

The oxygen supply to an organ regulates, in a broad way, the fune- 
tional activity of the organ, as Bareroft* and others have pointed out. 
The induction of cardiac pain in certain patients with coronary 
sclerosis by having them inhale oxygen-poor mixtures suggested that 
anoxia was the eritical precipitating factor in the production of anginal 
pain.” Other studies showed that severe cardiac insufficiency, periph- 
eral cireulatory failure, and pulmonary edema might be initiated 
in patients with myocardial disease by the inhalation of oxygen-poor 
atmospheres.” § 

It has long been known that a transient rise in systolic blood pres- 
sure generally follows induced oxygen want, produced either by 
lowering the pressure or concentration of oxygen in the atmosphere. 
Furthermore, a lowering of blood pressure in hypertensive patients 
as a result of oxygen inhalation has been reported. With these faets 
in mind, the following experiments were undertaken. 

Experiment 1.—The effect of continuous inhalation of oxygen-poor 
mixtures on the blood pressure of dogs in whieh moderate constriction of 
the renal arteries had been previously carried out was studied. This 
degree of constriction had produced only a slight degree of hypertension. 

Erperiment 2.—The effect of continuous inhalation of 100 per cent 
oxygen on the blood pressure of dogs in whieh ischemie renal hyper 
tension had been previously induced was observed. 
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Experiment 3.—The effect on the blood pressure of almost continuous 
inhalation of 100 per cent oxygen in selected cases of hypertensive disease 
was investigated. 

METHODS 


A small chamber was constructed in which the desired oxygen concentration 
could be obtained by regulating the inflow of oxygen and nitrogen. The mixture 
was analyzed by means of the Orsat-Binger gas analyzer. The technique of Gold- 
blatt! was employed in constricting renal arteries in dogs for the production of 
hypertension. 

In the first experiment, two animals with a slight elevation of blood pressure 
caused by moderate, bilateral, renal artery constriction were kept in the special 
chamber for seventy-two hours, with the oxygen concentration of the atmosphere 
maintained at 10 per cent. Blood pressures were measured at 24-hour intervals by the 
Van Leersum loop method.® One of these animals was later kept in the chamber for 
six hours, with the oxygen concentration maintained at 7 per cent. The blood 
pressure was measured at the onset and at the end of the experiment. 

In the second experiment, two dogs which had heen rendered hypertensive by 
severe bilateral renal artery constriction! were placed in the chamber with the oxygen 
concentration of the atmosphere maintained at approximately 100 per cent for a 
continuous period of forty-eight hours. Measurements of the blood pressure were 
made at 24-hour intervals. 

In the third experiment, a clinical study, the effect of the almost continuous 
administration of 100 per cent oxygen, at a rate of 12 L. per min., by means of 
the ‘‘BLB’’ mask,!° was studied in three patients with hypertension. The pa- 
tients, three women, aged 38, 47, and 60 years, respectively, were designated as 
having mild, moderate, or severe hypertension, depending upon the level of the 
blood pressure during almost continuous rest in bed. In none of the patients was 
the hypertension complicated by demonstrable renal or cardiac insufficiency. Pa- 
tient No. 3, however, had an adenocarcinoma of the thyroid, with no evidence of 
metastasis, which had been treated by x-radiation. The oxygen was given for 
seventy-two hours continuously, except during meals and a daily visit to the 
bathroom. 

RESULTS 

1. Effect of Generalized Anoremia on Blood Pressure of Potentially 
Hypertensive Dogs.—Dogs IT and IT were kept in the animal chamber 
for seventy-two hours, with the oxygen concentration of the atmosphere 
maintained at 10 per cent. At this low oxygen concentration, the oxygen 
saturation of the arterial blood in human subjects falls, within a twenty- 
minute period, to 65 per cent of normal.'! Table I records the blood 
pressure of both animals prior to bilateral, moderate, renal artery con- 
striction, after this procedure, and at 24-hour intervals during the 
72-hour period of administration of a mixture containing 10 per cent 
oxygen. The initial blood pressure of each animal was 130 to 140 mm. 
Ile: it rose to 175-180 after both renal arteries were clamped. After 
twenty-four hours in an atmosphere containing 10 per cent oxygen, the 
blood pressure of Dog T rose from 180 mm. to 200 mm. At forty-eight 
hours, the blood pressure was 180 mm., and, at seventy-two hours, 190 
mm. During the seventy-two hours that Dog II was exposed to an 
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TABLE I 
EFFECT OF GENERALIZED ANOXEMIA (10 PER CENT OxYGEN) ON BLOOD PRESSURE OF 
POTENTIALLY HYPERTENSIVE Dogs 


BLOOD PRESSURE MM. HG 


PRIOR TO APPLICA- AFTER MODERATE CON- INHALATION OF 10% 


TION OF STRICTION OF RENAL __———OXYGEN 

RENAL CLAMPS ARTERIES BY CLAMPS 24 HR. 48 HR. 72 HR. 

I 180 200 #180 190 
Dog IT 140 175 165 160 155 


atmosphere containing 10 per cent oxygen, a gradual decline in blood 
pressure, from 170 to 150 mm,, occurred. At a later date, Dog II was 
subjected to more severe anoxemia, produced by reducing the oxygen con- 
centration of the atmosphere in the chamber to 7 per cent for six hours. 
Table II records the blood pressure at the onset, and after three and 
after six hours, and shows a fall from 170 to 140 mm. 

2. Effect of Breathing of 100 Per Cent Oxygen on Blood Pressure of 
Dogs With Experimental Renal Iypertension—Two dogs with experi- 
mental renal hypertension were kept in an atmosphere of 100 per cent 
oxygen for forty-eight hours. Irom Table III it is seen that the blood 
pressures of the two animals prior to bilateral, severe, renal artery con- 
striction were 130 and 140 mm. He, respectively. Subsequent to this pro- 
cedure, the blood pressures became stabilized at 230 and 240 mm. After 
twenty-four hours of breathing 100 per cent oxygen, the blood pressure 
of the animals remained unchanged. After forty-eight hours the blood 
pressure of Dog III remained the same. However, Dog IV, after forty- 
two hours, became distressed, dyspneic, and died. Post-mortem exam- 
ination, together with microscopic sections, revealed marked edema of 
the bronchi, resulting in atelectasis. 

3. Effect of Almost Continuous Inhalation of 100 Per Cent Oxygen on 
the Blood Pressure of Three Patients With Hypertension.—A summary 
of the blood pressure readings on the three patients with hypertension 
during seventy-two hours of almost continuous inhalation of 100 per cent 
oxygen is given in Table IV. The control range of blood pressure, both 
during normal breathing of room air and the inhalation of compressed 
air through the ‘‘BLB’’ mask,'® was very wide. In patient No. 1 the 
blood pressure during the control period varied from 154/82 to 180/100, 
in patient No. 2 from 126/70 to 208/118, and in patient No. 3 from 
260/120 to 300/160, During the 72-hour period of oxygen administra- 
tion the bload pressures of the three patients were comparable to those 
of the control period. There was neither a lowering nor an elevation of 
blood pressure during the period of 100 per cent oxygen inhalation. 


CONCLUSIONS 


The blood pressure of two dogs with hypertension caused by renal 


ischemia was not influenced by the continuous inhalation of 100 per 
cent oxygen for twenty-four to forty-eight hours. In three cases of 
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TABLE II 


EFFECT OF SEVERE GENERALIZED ANOXEMIA (7 PER CENT OXYGEN) ON BLOOD PRESSURE 
OF POTENTIALLY HYPERTENSIVE DoGs 


BLOOD PRESSURE M M. HG 
PRIOR TO APPLICA- AFTER MODERATE CON- INHALATION OF 7% 
TION OF STRICTION OF RENAL | OXYGEN 
RENAL CLAMPS ARTERIES BY CLAMPS’ 3 HR. 6 HR. 
Dog II 140 170 150 140 
TABLE III 
EFFECT OF INHALATION OF 100 PER CENT OXYGEN ON BLOOD PRESSURE OF Dogs WITH 
EXPERIMENTAL HYPERTENSION 
BLOOD PRESSURE MM. HG _ Minne 
PRIOR TO APPLICA- AFTER SEVERE CON- INHALATION OF 100% 
TION OF STRICTION OF RENAL ____ OXYGEN : 
RENAL CLAMPS ARTERIES BY CLAMPS 24 HR. 48 HR. 
Dog III 230 230 230 
Dog 1V* 140 240 240* 


hypertensive disease, the inhalation of 100 per cent oxygen almost 
continuously for three days did not significantly affect the blood 
pressure. In two dogs in which partial constriction of the renal 
arteries had been previously produced, the inhalation of mixtures 
containing 10 per cent or 7 per cent oxygen did not cause a sustained 
rise in blood pressure. No evidence could be obtained that a hypethetie 
anoxemic factor plays a significant role in the pathogenesis of experi- 
mental or clinical hypertension. Our results do not, however, exclude 
the possibility that more severe renal anoxia than we produced might 
exert an influence on the experimental hypertension produced by con- 
striction of the renal arteries. 


TABLE IV 
Errect OF INHALATION OF 100 PER CENT OXYGEN ON BLOOD PRESSURE OF THREE 
PATIENTS WITH HYPERTENSION 


BLOOD PRESSURE MM. HG 


PATIENT ] PATIENT 2 PATIENT 3 

154 180 126 208 260 : 300 

CONTROL RANGI ro = Tis To Teo 
~ Hours 1 162/80 136/90 258/124 
9 178/94 132/74 268/120 
> 168/84 128/78 254/118 
4 154/82 142/88 284/138 
5 160/90 136/84 299/130 
6 170/88 136/84 278/130 
1? 160/94 140/90 280/135 
a4 155/88 142/98 282/128 
30 174/88 150/92 246/118 
36 172/88 132/90 260/130 
48 172/90 128/86 280/130 
54 154/90 150/90 255/130 
60 152/90 155/85 280/135 
79 152/90 158/96 800/140 


*Dog died of respiratory distress after forty-three hours in the chamber, 
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The authors are indebted to Dr. Ernst F. Goldschmidt for assistance in the clin 
ical studies. 
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VARIATIONS IN NORMAL PRECORDIAL 
ELECTROCARDIOGRAMS 


A Revort OF OBSERVATIONS ON 100 NorRMAL SUBJECTS 


L. SHanNo, M.D. 
Forty Fort, Pa. 


KCOGNIZING the confusion caused by lack of uniformity in making 

multiple precordial leads, we made an attempt to ascertain what 
variations occur in normal individuals. For this study we used one 
hundred student nurses in the Merey Hospital School of Nursing. These 
virls varied in age from 18 to 22 years. All had passed strict physical 
examinations before entering the school, but before using them we re- 
examined their hearts in order to exclude any who might have developed 
cardiac abnormalities since their admission. None with thrills, ab- 
normal impulses, murmurs, split sounds, accentuated sounds, elevated 
blood pressure, or cardiae enlargement were used. The cardiae silhou- 
ette, in each case, was examined under the fluoroscope, and the cardio- 
thoracic ratio determined ; at the same time, the outer border of the apex 
was marked on the chest wall of each girl to assist in placing the elec- 
trodes. Corsets and girdles were removed in every ease in order to 
prevent rotation of the heart to the left. 

A standard, all-electric electrocardiograph, with string galvanometer, 
was used. The chest electrode measured 3 em. in diameter. The tracings 
were made with the subjects in the sitting position. The terminology 
recommended by the American Heart Association, namely, CF,, CF,, 
CE., CF,, CF., and CF,, was used. The right arm electrode was placed 
on the left leg and the left leg electrode was placed in the various posi- 
tions on the preeordium. 

The chest electrode was placed as follows: for ¢ 
intercostal space to the right of the sternum; for ¢ 
intercostal space to the left of the sternum; for CF,, at the mid-point 
of a line drawn from the left margin of the sternum in the fourth inter- 
costal space to the left midelavicular line in the fifth intercostal space ; 
for CF,, in the left midelavicular line and fifth intercostal space; 
(NOTE: we fluoroscoped all of our subjects in order that we might 
use only those in which the outer border of the apex coincided with the 
junction of the left midelavicular line and the fifth intercostal space) ; 
for CF., in the left anterior axillary line at the level of the apex; 
and for CF,, in the left midaxillary line at the level of the apex. 

Measurements of the following deflections were made: P, total 


in the fourth 


*,, in the fourth 


QRS, Q, R, S, T, and S-T interval. These measurements are given 


From the Merey Hospital, Wilkes-Barre, Pa. 
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in the accompanying tables. Evidence of slurring and notching was also 


noted in 22 per cent of the cases. They were found most often on the 
line connecting the R and S, but occasionally on the upstroke of S. 
The S-T interval was elevated in 17 per cent, but never more than 


2 mm., and then most often in CI’, and CF,. 


P WAVE CF, CF, CF CF, Ck CF, 

-2 3 0 
-] 61 52 22 10 S 10 
0 20 26 59 70 76 76 
| S 14 10 10 6 5 
2 2 0 0 0 0 0 

Diphasie 6 7 9 8 10 9 

TOTAL QRS CF, CF, CP, CF, CF Ct 

t 0 0 0 0 ] 6 
§ 0 0 0 0 l l 
6 0 0 0 0 0 17 
7 0 0 l 3 2 1] 
8 l 0 0 ; 13 1] 
9 3 0 2 ; 8 10) 
10 l ] o 6 11 9 
11 0) 13 10 16 
13 3 l 11 12 
14 2 0 2 6 4 2 
15 3 6 0) 
16 9 5 2 
17 2 2 6 5 l l 
18 7) 2 12 5 3 ] 
19 3 5 6 4 4 0 
20) } 6 8 6 2 0 
21 13 1] S a l 0 
22 1] 5 8 2 » | 
23 2 ] 0 
24 ] 6 2 ] 0 0 
25 10 2 0 0 
26 } 2 l l 0 0 
27 l 5 2 l 0 0 
3 0 0 0 
29 2 2 0 0 0 0 
30 1 6 0 l 0 0 
31 4 2 2 | 0 0 
32 0 } 2 0 0 0 
| 0 0 0 0 
34 2 ] 0 0 0 0 
35 0 l (0) 0 0 0 
36 0 l 0 0 0 0 
| l l 0 0 0 0 
38 0 1 0 0 0 0 
39 0 0 0) 0 0) (0) 
10 0 3 0 0 0 0 

R WAVE CF, CI Cl CF, CF CF, 

0 0 0) 0 0 

1 6 3 2 l 0 l 
> 26 10 19 6 5 8 
4 17 12 1S IS S 
7 24 22 10 
6 6 22 21 13 20 22 
8 14 17 17 
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R WAVE CF 


SHANNO: 


1 
9g 0 
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1] 0 
12 0 
13 0 
14 0 
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17 0) 
18 0 
19 0 
20 0 
21 0 
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9 t 
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29 
30 2 
0 
T WAVI CF, 
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29 
-] 29 
0 8 
14 
2 7 
3 0 
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0 
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NORMAL 


| 


DD 


bo 
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PRECORDIAL 


ELECTROCARDIOGRAMS 
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0 l 
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An inspection of these charts shows that the initial deflection of 
QRS is upward, and that the T waves are upright, in nearly all leads, 
which is the exact opposite of what was found with the old method of 
making chest leads. The characteristics of each lead were as follows: 

Leap CF ,.—The P wave varied in amplitude from —2 to +2 mm.; in 
61 per cent of the cases it measured —1 mm., and was absent or iso- 
electric in 20 per cent. The total QRS varied from 8 to 37 mm.; 35 per 
cent fell between 21 and 23 mm. There were no Q waves. The R wave 
measured from 4 to 7 mm.; 30 per cent were 2 mm., and 26 per cent 3 
mm., tall. The S wave showed a depth of 2 to 30 mm.; 39 per cent 
were between 17 and 21 mm. The T waves ranged from —6 to +7 mm.; 
70 per cent were negative by 1 to 3 mm. 

Leap CF,.—The P wave tended to be negative; 52 per cent were —1 
mm., and 25 per cent isoelectric. The total QRS varied from 10 to 40 
mm.; 45 per cent were between 21 and 25 mm. The R wave showed 
about the same variation as in CI’,; 68 per cent measured from 3 to 6 
mm. S was slightly deeper; 40 per cent had an amplitude of from —19 
to +22 mm. T became positive; it was negative in only 6 per cent of cases, 
and in 80 per cent had an amplitude of 1 to 4 mm. 

Leap CF,,.—The P wave tended to lose its negativity ; it was diphasie 
in 58 per cent of the cases, and its amplitude varied from —1 to +1 mm. 
The amplitude of the total QRS was slightly less than in the preceding 
leads; it varied from 7 to 32 mm., and 63 per cent measured from 15 
to 22 mm. The R wave became somewhat taller, ranging from 1 to 12 
mm.; 80 per cent measured from 3 to 6 mm. The S wave became 
smaller; its least amplitude was -4+ mm., and its greatest ~-29 mm., with 
36 per cent measuring from —12 to—-14 mm. The T wave lost its negative 
charateristie in all except one case, in which it was —1 mm.; 86 per cent 
varied within 1 to 4 mm. 

Leap CF,.—This lead corresponds to the apex lead. The P waves were 
essentially as in the preceding leads, except that fewer showed nega 
tivity; 10 per cent were —1, 70 per cent isoelectric, 8 per cent diphasie, 
and 10 per cent 1 mm. tall. Total QRS beeame smaller; 37 per 
cent varied from 11 to 13 mm., and the total variation was 7 to 31 mm. 
Only one Q wave was seen, and it was less than 1 mm. deep. The R 
wave varied from 1 to 18 mm.; 72 per cent of the variations fell within 
4 to 8 mm. The S wave varied from 0 to 23 mm., with 31 per cent 
measuring 6 to 7mm. The T wave varied 2 to 4 mm. in 75 per cent of 


the cases, with a total variation of from —1 to +7 mm. 

Leap CF.,.—The P wave was essentially as in CF,. Total QRS varied 
from 3 to 23 mm., with 65 per cent measuring 8 to 18 mm. R beeame 
slightly taller and S less deep; 78 per cent were 5 mm. or less. T com- 
pletely lost its negative and diphasie characteristics; it measured from 
1 to 6 mm., with 81 per cent lying between 1 and 4mm. A Q wave ap- 
peared in 20 per cent of the cases, and all were 2 mm. or less. 
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Leap CIF,.—P was the same as in CF, and CF,, with a variation from 
~1 to +1 mm.; most of the P waves (76 per cent) were isoelectric. Total 
QRS did not exceed 22 mm., and that in only one instance; 74 per cent 
measured 5 to 10 mm. R was about the same as in CF. S was absent 
in 33 per cent of the cases; 50 per cent measured 1 to 3 mm. T was 
isoelectric in two cases and measured 1 to 3 mm. in 90 per cent of the 
cases, but did not exceed 5 mm. in any ease. A Q wave was found in 
33 per cent of cases, but never measured more than —2 mm. 

For the sake of completeness the following brief discussion of the 
limb leads is included: No rhythm other than normal sinus and ocea- 
sional sinus arrhythmia was noted. The longest P-R interval was 0.2 
second (one case), and the shortest was 0.12 second. There was one case 
in which left axis deviation was noted, and that by only 2 mm.; five 
subjeets showed right axis deviation—two of 1 mm., two of 2 mm., and 
one of 3mm. Q waves appeared seventy-three times, as follows: three 
of 1 mm. depth, three of 2 mm., and one of 3 mm. in Lead I; in Lead II 
there were seventeen of 1 mm., and nine of 2 mm.; whereas in Lead ITI, 
twenty-four were 1 mm. in depth, eleven, 2 mm., and five, 3 mm. The 
R waves were normal in amplitude in all eases except as noted above in 
the discussion of axis deviation. No splintering or apex slurring was 
noted; oceasional slurring was seen at the base. The S-T segment was 
never more than 1 mm. from the isoeleetrie line. The T-wave changes 
included thirteen flat in Lead IIT, six diphasie in Lead ITI, and twenty- 
four inverted in Lead III. One subject had a T, 2 mm. tall, a diphasie 
T., and T, inversion of 1 mm. 

Referring again to the chest leads, there was one observation which 
I would like to make in reference to the T waves. In positions CF.,, 
CE, and CF., one subject had a flat T in CF., and twelve had a 1 mm. 
T in CF,, seven in CF,, and eight in CF,. In two of these cases T, 
was upright, whereas all other T waves in Lead III were flat or in- 
verted. It does not follow, however, that flat or inverted T waves in 
the Lead III mean that there will be depression in the positions around 
CI’,, because a number of the subjeets with T, inversion had T waves 
in CE, to CF’, as tall as 5 mm. As a matter of fact, in the one ease in 
which T was inverted in CF,, the complexes in the limb leads were 
entirely normal. 

SUMMARY 

1. One hundred student nurses without demonstrable heart disease 
were studied in order to set up normal standards for use in precordial 
cleetrocardiography. 

2. The technique followed was that recommended by the Joint Com- 
mittee of The American Heart Association and the Cardiae Society of 
(Gireat Britain and Treland. 
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An inspection of these charts shows that the initial deflection of 
QRS is upward, and that the T waves are upright, in nearly all leads, 
which is the exact opposite of what was found with the old method of 
making chest leads. The characteristies of each lead were as follows: 

Leap CF,.—The P wave varied in amplitude from —2 to +2 mm.; in 
61 per cent of the cases it measured —1 mm., and was absent or iso- 
electric in 20 per cent. The total QRS varied from 8 to 37 mm.; 35 per 
cent fell between 21 and 23 mm. There were no Q waves. The R wave 
measured from 4 to 7 mm.; 30 per cent were 2 mm., and 26 per cent 3 
mm., tall. The S wave showed a depth of 2 to 30 mm.; 39 per cent 
were between 17 and 21 mm. The T waves ranged from —6 to +7 mm.; 
70 per cent were negative by 1 to 3 mm. 

Leap CF,.—The P wave tended to be negative; 52 per cent were —1 
mm., and 25 per cent isoelectric. The total QRS varied from 10 to 40 
mm.; 45 per cent were between 21 and 25 mm. The R wave showed 
about the same variation as in Cl’,; 68 per cent measured from 3 to 6 
mm. S$ was slightly deeper; 40 per cent had an amplitude of from —19 
to +22 mm. T became positive; it was negative in only 6 per cent of cases, 
and in 80 per cent had an amplitude of 1 to 4 mm. 

Leap CF,.—The P wave tended to lose its negativity; it was diphasie 
in 58 per cent of the cases, and its amplitude varied from —1 to +1 mm. 
The amplitude of the total QRS was slightly less than in the preceding 
leads; it varied from 7 to 32 mm., and 63 per cent measured from 15 
to 22 mm. The R wave became somewhat taller, ranging from 1 to 12 
mm.; 80 per cent measured from 3 to 6 mm. The S wave became 
smaller; its least amplitude was -4+ mm., and its greatest ~29 mm., with 
36 per cent measuring from —12 to—-14 mm. The T wave lost its negative 
characteristic in all except one case, in which it was —1 mm.; 86 per cent 
varied within 1 to 4 mm. 

Leap CF,.—This lead corresponds to the apex lead. The P waves were 
essentially as in the preceding leads, except that fewer showed nega 
tivity ; 10 per cent were —1, 70 per cent isoelectric, 8 per cent diphasic, 
and 10 per cent 1 mm. tall. Total QRS became smaller; 37 per 
cent varied from 11 to 13 mm., and the total variation was 7 to 351 mm. 
Only one Q wave was seen, and it was less than 1 mm. deep. The R 
wave varied from 1 to 18 mm.; 72 per cent of the variations fell within 
4 to 8mm. The S wave varied from 0 to 23 mm., with 31 per cent 
measuring 6 to 7mm. The T wave varied 2 to 4 mm. in 75 per cent of 
the cases, with a total variation of from —1 to +7 mm. 

Leap CF..—The P wave was essentially as in CF,. Total QRS varied 
from 3 to 23 mm., with 65 per cent measuring 8 to 13 mm. R became 
slightly taller and S less deep; 78 per cent were 5 mm. or less. T com- 
pletely lost its negative and diphasie characteristics; it measured from 
1 to 6 mm., with 81 per cent lying between 1 and 4mm. A Q wave ap- 
peared in 20 per cent of the cases, and all were 2 mm. or less. 
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Leap CI,.—P was the same as in CF, and CF,, with a variation from 

1 to +1 mm.; most of the P waves (76 per cent) were isoelectric. Total 
QRS did not exceed 22 mm., and that in only one instance; 74 per cent 
measured 5 to 10 mm. R was about the same as in CF,;. S was absent 
in 33 per cent of the cases; 50 per cent measured 1 to 3 mm. T was 
isoelectric in two cases and measured 1 to 3 mm. in 90 per cent of the 
cases, but did not exceed 5 mm. in any ease. A Q wave was found in 
33 per cent of cases, but never measured more than —2 mm. 

For the sake of completeness the following brief discussion of the 
limb leads is included: No rhythm other than normal sinus and ocea- 
sional sinus arrhythmia was noted. The longest P-R interval was 0.2 
second (one case), and the shortest was 0.12 second. There was one case 
in which left axis deviation was noted, and that by only 2 mm.; five 
subjects showed right axis deviation—two of 1 mm., two of 2 mm., and 
one of 3mm. Q waves appeared seventy-three times, as follows: three 
of 1 mm. depth, three of 2 mm., and one of 3 mm. in Lead I; in Lead IT 
there were seventeen of 1 mm., and nine of 2 mm.; whereas in Lead ITI, 
twenty-four were 1 mm. in depth, eleven, 2 mm., and five, 3 mm. The 
R waves were normal in amplitude in all eases except as noted above in 
the discussion of axis deviation. No splintering or apex slurring was 
noted; occasional slurring was seen at the base. The S-T segment was 
never more than 1 mm. from the isoelectric line. The T-wave changes 
included thirteen flat in Lead IIT, six diphasie in Lead III, and twenty- 
four inverted in Lead IIT. One subject had a T, 2 mm. tall, a diphasic 
T., and T, inversion of 1 mm. 

Referring again to the chest leads, there was one observation which 
I would like to make in reference to the T waves. In positions CF,, 
CF,, and CF., one subject had a flat T in CI’,, and twelve had a 1 mm. 
T in CF.,, seven in CF,, and eight in CF,. In two of these cases T, 
was upright, whereas all other T waves in Lead III were flat or in- 
verted. It does not follow, however, that flat or inverted T waves in 
the Lead III mean that there will be depression in the positions around 
inversion had T waves 


CF, because a number of the subjects with T, 
in CF, to CF, as tall as 5 mm. As a matter of fact, in the one case in 
which T was inverted in CF,, the complexes in the limb leads were 
entirely normal. 
SUMMARY 

1. One hundred student nurses without demonstrable heart disease 
were studied in order to set up normal standards for use in precordial 
eleetrocardiography. 

2. The technique followed was that recommended by the Joint Com- 
mittee of The American Heart Association and the Cardiae Society of 


(Gireat Britain and Ireland. 
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3. The right arm electrode was placed on the left leg, and the left 
leg electrode was placed on the precordium; this method conforms with 
the CF nomenclature. 

CONCLUSIONS 

1. P waves were largely negative or isoelectric; when positive, the 
amplitude did not exceed 1 mm. 

2. Total QRS varied within wide limits, but became smaller as the 
electrode was moved from right to left. 

3. Q waves appeared in 20 per cent of cases in CI’, and CF, but never 
measured more than 3 mm. 

4. R waves showed wide variations, up to 21 mm., but in all leads 
the greater number measured from 3 to 7 mm. 

5. S waves became smaller as the electrode was moved from right 
to left; the greatest number averaged 18 to 19 mm. in CF, and varied 
from being isoelectric to a height of 3 mm. in CF,. 

6. The T waves were usually negative in Lead CI,; 70 per cent 
measured —-1 to —3 mm., but they became upright in CF, and main- 
tained the same average height of 2 to 4 mm. in all leads. 

7. No definite relation could be shown between limb-lead T waves 
and chest-lead T waves in the positions around CF,; although there 
were many flat or inverted T waves in the limb leads when the T waves 
in the chest leads were depressed, many subjects who showed T, in- 
version had tall, upright T waves in CF, to CF,. 


1174 WyoMING AVENUE 


STUDIES ON CORONARY OCCLUSION 
I. THe Errects ON THE ELECTROCARDIOGRAM OF THE CAT OF PRODUCING 
ANOXEMIA AFTER CORONARY ARTERY LIGATION 


Wirt 8. Scort, Jr., ALAN Lesuiz, AND MicHaEL G. MuLINOS 
New York, N. Y. 


URING attacks of angina pectoris and after coronary occlusion, 

the electrocardiographie changes, as well as the associated pain, 
are believed to result from anoxia of a portion of cardiae muscle, 
‘aused in both instances by myocardial ischemia. Severe experimental 
anoxemia may result in electrocardiographie changes similar to those 
accompanying impairment of coronary blood flow. Several weeks 
after coronary artery ligation in eats, the electrocardiogram may ap- 
proach or return to normal, despite post-mortem evidence of persistent 
myocardial damage. The infaret is surrounded by an area of rela- 
tively ischemic cardiac muscle. In such eases, experimentally induced 
anoxemia may exaggerate the local ischemie anoxia sufficiently to af- 
fect the electrocardiogram. 

In the course of some experiments involving coronary ligation in 
cats, it was found that the eleetrocardiographie changes following the 
ligation frequently did not persist for more than two or three weeks. 
Autopsy revealed that this improvement in the eleetrocardiogram was 
not caused by the disappearance of the infaret. Since the electro- 
cardiogram, the sedimentation rate, and the leucocyte count had 
returned to normal at this time, it became necessary to find some other 
means of detecting the presence of myocardial damage. 

In normal eats, the anoxemia which results from the administration 
of an atmosphere containing 10 per cent oxygen caused no alteration in 
the electrocardiogram. On the other hand, after coronary artery liga- 
tion the same degree of anoxemia produced sufficient myocardial 
anoxia to alter the electroecardiogram. Sinee Levy, et al.,1 have ad- 
voeated a similar procedure for the testing of patients suspected of 
having coronary insufficiency, the results obtained with eats attain 
clinical significance. 

REVIEW OF THE LITERATURE 


Many studies have been made of the effects of either anoxemia or 
coronary artery ligation on the form of the electrocardiogram. <A pre- 
liminary report has already been made? on the effeets of combined 
anoxemia and ligation. It is not necessary to reiterate an analysis of 
the reported work on coronary ligation.*** <A brief reference to the 

Department of Pharmacology, College of Physicians and Surgeons, Columbia Uni- 
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effects of anoxemia on the eleetrocardiogram of the normal animal is 
appended for comparison with our results. 

Katz, Hamburger, and Schutz’ and Katz and Ilamburger® showed 
that the anoxemia induced in normal subjects by the use of a re- 
breathing spirometer, with absorption of carbon dioxide, resulted in 
diminished amplitude and, occasionally, in inversion of the T waves 
and depression of the RS-T segments. These eleetroecardiographic 
changes were not accompanied by pain, and disappeared when air was 
breathed again. Ward and Wright’ showed that the anoxemia of 
nitrous oxide anesthesia caused tachyeardia, and reduction, abolition, 
or inversion of T,. In a easé of carbon monoxide poisoning reported 
by Colvin,’ there was T-wave inversion in all leads, with a return to 
normal in thirteen days. Haggard,’ in studying experimental carbon 
monoxide asphyxia, found that the oxygen deficiency did not impair 
auriculoventricular conduction until respiratory failure supervened, 
after which there was heart block which was probably caused by 
anoxemia, since the change was reversible. 

Rothsehild and Kissin,'® using the rebreathing method with removal 
of earbon dioxide, precipitated attacks of eardiae pain in eighteen 
of twenty-six angina patients, but in none of twenty controls. 
Pain oceurred at levels of oxygen tension varying from 5.9 to 11.2 
per cent. However, these authors'! could demonstrate no electrocardi 
ographie changes whieh would distinguish between normal subjects 
and those with eoronary insufficiency. Both groups showed identical! 
changes, i.e., S-T deviation, usually depression, which seemed to be 
related to the degree of anoxemia. Bergman'? demonstrated that 
high altitude may cause pain in patients subject to angina pectoris, 
but had no effeet on normal subjects. Ile stated that the administra 
tion of oxygen relieved the anginal pain which occurred in the rarefied 
atmosphere of airplane travel. 

Anoxemia induced by the administration of an atmosphere con 
taining 12 per cent oxygen to patients with coronary insufficiency has 
been found to cause pain and to induce reversible electrocardiographie 
changes similar to those which follow coronary occlusion. | The re- 
sponses to the anoxemia were inconstant; pain occurred in the same 
patients at various levels of arterial oxygen saturation. Many pa- 
tients experienced no pain. The electroeardiogram: showed changes 
in amplitude or direction of all T waves and depression of many RS-T 
segments. The heart rate was usually increased. Only minor eleetro- 
cardiographie changes oceurred in the normal subjeets, i.e. slight 
flattening of the T waves and slight RS-T depression. Levy, Barach, 
and Bruenn™ econeluded that the electrocardiographie changes were 
not specifie, since they also occurred in such conditions as anemia and 


uremia. In a further series! of patients with coronary insufficiency, 


anoxemia was induced by the administration of an atmosphere econ- 
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taining 10 per cent oxygen. This resulted in electrocardiographie 
changes which did not oeeur in normal subjects. The changes ap- 
peared with sufficiently great regularity to warrant the use of this 
procedure as a clinical test for coronary insufficiency. 

A considerable amount of experimental work has been done on the 
effects of anoxemia'*® and asphyxia’ 1” ?° on the dog’s electro- 
cardiogram. With slight degrees of anoxemia the principal electro- 
cardiographie changes were tachyeardia, flattening or inversion of 
the T waves with increased negativity of already inverted T waves, 
or increased amplitude of T waves. With greater oxygen unsatura- 
tion'’ (partial pressure of 18 to 22 mm. Hg) the amplitude of the 
T waves increased tremendously, and the RS-T segments became ele- 
vated. Kountz and Gruber'’ reported that similar changes occurred 
when the oxygen saturation of arterial blood fell below 50 per cent. 
With more marked unsaturation there were disappearance of P waves, 
descending displacement of the pacemaker with supervention of nodal 
rhythm, and auriculoventriecular dissociation. All of these changes 
were abolished by breathing oxygen or air, provided this was started 
before the onset of respiratory failure. 

A long-term experimental study of the effects of anoxemia on the 
electrocardiogram of the cat before and after coronary ligation was 
undertaken in the hope that it would aid in the elucidation of the 
subject. 

METHOD 


Male and nonpregnant female cats weighing over 2.5 kg. were used in this 
study. With a few exceptions, to be noted later, the following procedure was em- 
ployed. The cats were anesthetized by the intraperitoneal administration of 
sodium pentobarbital (30 mg. per kg.). After induction of the anesthesia the 
head of the cat was inserted into an airtight mask connected with a 150 liter 
spirometer which contained either 10 per cent or 5 per cent oxygen in nitrogen. 
Rebreathing was prevented by a double flutter-valve in the mask. <A large two 
way valve between spirometer and mask made possible an instantaneous change 
from room air to spirometer contents, and back to air, without removal of the 
mask, 

Standard three-lead electrocardiograms were taken with the animal lying on its 
right side. After a control electrocardiogram, the gases breathed by the eat 
were changed from room air to the low oxygen mixture in the spirometer. Electro 
cardiograms were taken five and twenty minutes later, after which the breathing 
of room air was reinstituted, and ten minutes later a fourth electrocardiogram 
was made. This procedure was repeated after the coronary artery ligation, and 
subsequently at about weekly intervals. Electrocardiograms were also taken 
on the unanesthetized cats before operation, in order to ascertain whether any 
changes were induced by the barbiturate anesthesia. 

Leucocyte counts and erythroevte sedimentation rates were done on all of the 
cats, but, since they have no immediate bearing on the observations presented 
here, they are not included in the report, 

Operation.—Under sodium pentobarbital anesthesia, occasionally supplemented 
by ether, a soft rubber catheter was passed transorally into the trachea for the 
administration of artificial respiration by intermittent positive pressure insuf- 
flation. 
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The operations were performed under aseptic conditions. A 4 em. incision was 
made in the fourth or fifth intercostal space, extending laterally from the left 
sternal border. The parietal pleura was exposed by blunt dissection and in- 
cised. The pericardium was opened longitudinally to expose the anterior sur- 
face of the left ventricle. The left anterior descending coronary artery was visu- 
alized, and its left branch ligated at a point close to its origin. In every instance 
this was followed by cyanosis of a wedge-shaped area of heart muscle distal to 
the ligature. There was transient, widespread ventricular fibrillation in a few 
The pericardial sac and the chest were closed by silk sutures, and the 
removed on or 


cases. 
wound was dressed with gauze-collodion. Skin sutures were 
about the seventh postoperative day. The operations required fifteen to twenty 
minutes. There was no operative mortality. 
operation, and before recovery from anesthesia, the cats were given, by stomach 
They were fed 


Approximately one hour after the 


tube, 75 ¢.c. of 5 per cent dextrose in normal saline solution. 
canned salmon after the first postoperative day. 

The cats were killed by the intravenous injection of chloroform at intervals 
varying from two weeks to two months after operation, and autopsies were 
cardiac infarcts were delineated and contact tracings made. 


performed. The 
Serial sections of the infarcted 


These were measured with a planimeter (Fig. 3). 
area of several hearts were made, but, since this study afforded no additional 
information, it was discontinued. 

RESULTS 

Postoperative Course—The cats showed little disability as a result of 
the operation; most of them ate normally the next day, or shortly 
thereafter. There were a few superficial wound infections, which 
cleared up rapidly. Cat No. 25 developed a right subpectoral abscess, 
and was sacrificed on the fourteenth postoperative day. No econnec- 
tion with the operative site could be demonstrated at autopsy. 

Seven cats developed ‘‘snuffles’’ and died of inanition. Three of 
these died during experimental anoxemia; death was apparently 
‘aused by respiratory, rather than eardiae, failure. One of the cats 
developed complete heart block after breathing a mixture containing 
10 per cent oxygen for five minutes, and died ten minutes later, despite 
having been returned to air. Two other cats were sacrificed because of 
impending death from ‘‘snuffles.’’ 

The remaining ten cats were sacrificed at intervals of approximately 
four, six, and eight weeks after operation. In all cases autopsy re- 
vealed pleuropericardial adhesions, and adhesion of the parietal to 
the visceral pericardium over the area of infarction. As shown in 
Fig. 3, there was great variation in the areas of the infarets. These 
infarets were sharply delineable from the adjacent myocardium. 

Cat No. 21 showed only traces of infarction. Its electrocardiogram 
had returned to normal by the fourteenth postoperative day, and 
two weeks after this the induction of anoxemia resulted in no electro- 
eardiographie changes. 

No attempt was made to correlate the size of infarct with the 
weight of the heart or of the cat, since Gold, Travell, and Modell?! 
could establish no definite relationship between them. 


‘ 
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Effect of Sodium Pentobarbital Anesthesia on the Electrocardiogram. 
—Hafkesbring and MacCalmont”? reported upon sodium pentobarbital, 
sodium barbital, and sodium amytal anesthesia in dogs and eats. With 
all three drugs there was a tendency to T-wave reversal. Kohn and 
Lederer®* described the changes produced by pentothal and evipal on 
the electrocardiograms of dogs, cats, rabbits, and monkeys. Many of 
the animals showed no significant changes. Others developed ectopic 
beats, alternating normal and premature rhythms, and disturbances 
in intraventricular conduction. The P-R interval was sometimes short- 
ened, and occasionally there was T-wave depression. Volpitto and 
Marangoni,”* on the other hand, reported that pentothal, evipal, and 
sodium isoamyl-ethyl-thiobarbiturate anesthesia did not cause any 
changes in the electrocardiogram in seventeen clinical trials. 

In the present work, the question whether or not any significant 
electrocardiographie changes were induced by the anesthesia is rela- 
tively unimportant, since all comparative observations were made with 
the cats anesthetized with sodium pentobarbital. However, control 
electrocardiograms were made on ten cats before and after the in- 
duction of anesthesia with sodium pentobarbital (80 mg. per kg. intra- 
peritoneally). The changes observed are summarized below: 

1. Rate—One cat showed a decrease, three no change, and six an 
increase. 

2. RS-T segment—Seven eats showed no change. Two eats showed 
depression, and one an elevation, in Lead II. 

3. T waves—Nine cats showed changes in one or more leads. There 
was increased amplitude of T, in four cats. Seven cats showed T, 
changes, five a decrease, and two an increase, in amplitude. Seven eats 
had T, changes, four showing inversion and three increased amplitude. 

4. There were no changes in rhythm or conduetion. 

These observations, in general. are in conformity with the results 
of other workers. 

In order to ascertain the effect of repeated anesthetizations upon 
the electrocardiogram of normal eats, as well as to establish more 
precisely the effect of varying the depth of anesthesia, the following 
experiment was performed. Five normal eats were given sodium 
pentobarbital intraperitoneally at weekly intervals. Each eat re- 
ceived 3 doses of 30 mg., and one dose of 40 mg., 50 mg., and 60 mg. 
per kg., respectively, on the separate experimental days. These eats 
were not used further. The results are summarized below: 

1. Rate—There was no constant effect with inereased depth of 
anesthesia. 

2. RS-T segment—One eat showed elevation in all leads at one time 
or another, but not in proportion to the depth of anesthesia. 

3. T waves—There was no relationship of depth of anesthesia to 


contour or amplitude. 
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Evidently, the animals respond to repeated anesthetizations in much 
the same manner. The effects of deep anesthesia do not differ from 
those of light anesthesia. 

Effects of Anoxemia on the Electrocardiogram in Cats Which Had 
Not Been Operated on.—Electrocardiograms were taken on twelve 
anesthetized cats which had not been operated on, before and during 
the inhalation of a mixture containing 10 per cent oxygen. The heart 
rate varied considerably in the different cats, probably because 
barbiturates produce a partial peripheral vagus paralysis.* The 
‘ardiae acceleration anticipated from the induced anoxemia was con- 
ceivably masked by acceleration caused by the anesthetic. Four of 
the cats showed variable changes in the amplitude of the T waves, 
but no eat showed RS-T segment deviation or changes in rhythm or 
conduction. Three of the cats were studied a second time, using 5 per 
cent oxygen to induce a greater degree of anoxemia. Inversion of the 
T waves occurred in all leads, but again there were no changes in the 
RS-T segment, in rhythm, or in conduction. However, since later 
studies showed that the administration of an atmosphere containing 
i0 per cent oxygen did. induce characteristic electrocardiographiec 
changes in eats which had been operated on, it was deemed unneces- 
sary to increase the anoxemia further, except in a few selected cases 
to be deseribed. 

Effects of Coronary Artery Ligation on the Electrocardiogram.- 
There is a voluminous literature on the form of the electrocardiogram 
following coronary artery ligation in dogs,?*** but there is much less 
on the changes in eats.2!. The principal changes which are reported 
to follow ligation of the left anterior descending coronary artery are 
an upward deviation of the RS-T segment in Lead I and a downward 
displacement in Leads II and III. A temporary increase in the ampli- 
tude of the T waves, with subsequent inversion and assumption of 
the isoelectric position, was common. In many instances, however, 
large infarets did not produce any changes in the RS-T segment. 

In the present series of cats the electrocardiographie changes fol- 
lowing coronary artery ligation were, on the whole, in conformity 
with those observed by previous investigators. All but three of the 
fourteen cats showed upward displacement of the RS-T segment in at 
least two leads. Two cats showed upward displacement in Lead 
I, with downward displacement in the other two leads. One cat showed 
no change until after several days had elapsed. The T waves in Leads 
If and III were, with very few exceptions, increased in amplitude. 
T,. was not uniformly altered. Contrary to previous reports, no 
changes in rhythm or conduction were found. 

Effects of Anoxemia on the Electrocardiogram After Operation.— 
Electrocardiograms were taken immediately after operation, then at 
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about weekly intervals for the first month, and subsequently at bi- 
weekly intervals before, during, and after recovery from induced 
anoxemia. 

Usually, after coronary artery ligation, electrocardiographic changes 
were produced by the administration of a mixture containing 10 per 
cent oxygen. Only two of fourteen cats failed to show changes during 
the period of anoxemia. The changes were fairly consistent during 
the postoperative life span of each individual animal, although they 
were not always the same in different cats. This variation in response 
to anoxemia is in keeping with the observation that the electrocardi- 
ographie changes after coronary artery ligation are not always identi- 
eal. Because they were found to be not significantly changed, the 
P-R interval, the height of the P wave, the intraventricular conduc- 
tion time, the voltage, and the electrical axis, as well as the presence 
of Q waves, are not given formal mention. 

Immediately following the ligation, as shown in Table I, inhalation 
of an atmosphere containing 10 per cent oxygen caused an increase 
in the deviation of the RS-T segment in most of the electroecardio- 
grams in which a deviation had been produced by the ligation. In a 
few instances, isoelectric RS-T segments were displaced as a result 
of the anoxemia. The occasional T-wave changes were slight and 
variable. All of these alterations which were induced by the anoxemia 
disappeared after ten minutes of air breathing. 


TABLE I 


THE Errect oF ANOXEMIA ON THE ELECTROCARDIOGRAM WHICH WAS TAKEN IM- 
MEDIATELY AFTER OPERATION 


NOXEMIA INDUCED BY THE _ 


CAT BEFORE INDUCTION OF ANOXEMIA INHALATION OF AN ATMOSPHERE CON- 
NO TAINING 10 PER CENT OXYGEN 
RS-T, RS-T, |  RS-T, RS-T, |  RS-T, RS-T, 

21 | | OFF | 104 0 

0.5 2.0 4 1.5 0.5 2.5 > 2.0 
24 0 1.5 4 1.0 4 0 2.0 4 1.5 4 
25 2.5 1.0 | 40) | 4.04 1.0 | 6.5 | 
26 0 0 0 | < 0.5 4 < 0.5 7 0 

27 107 | 104 < 0.5 4 0.5 4 0.5 4 0 

28* 35 2.0 1.5 5.0 3. 

29 0 | 3.0 4 3.0 4 1.0 7 4.0 | 3.0 4 


Arrows indicate direction of deviation of the RS-T segment from its level in the 
preoperative control tracings; numbers denote millimeters of deviation. 

Preoperative control observations showed no RS-T segment deviation in any cat 
during the anoxemic state. 

*See Figs. 1 and 2 

During the postoperative period the RS-T segments approached the 
isoelectric line, and the T waves approached the preoperative con- 
figuration. One week after ligation, all of the tracings still showed 
‘‘eoronary’’ changes, but these were less extensive than at first. At 
this time, anoxemia resulted in electroeardiographie changes which 
closely resembled those induced by anoxemia immediately after the 


| NG 
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operation. The second- and third-week observations resembled the 
first, in that anoxemia exaggerated the RS-T segment deviations. The 
electrocardiograms of ten of fourteen eats returned to normal in an 
average of twenty days (12 to 32). In nine of these, deviations in the 
RS-T segment similar to those in the postoperative electrocardiograms 
were evoked by the induction of anoxemia (Table Il). These changes 
disappeared when the animals were allowed to breathe air. In those 
‘ats whose electrocardiograms failed to return completely to normal, 
anoxemia increased the RS-T deviation and evoked it in those leads 
from which it had disappeared. T, changes continued to be infre- 
quent and variable. The electrocardiograms of two other eats which 
had been operated on (No. 11 and 14) returned to normal. How- 
ever, these cats were ill; they died shortly after the administration 
of an atmosphere containing 10 per cent oxygen and were not included 
in Table II. The tracings showed frequent ventricular premature 
contractions, followed by complete heart block. 
TABLE II 


THE Errect or INDUCED ANOXEMIA ON THE ELECTROCARDIOGRAM AFTER It RETURNED 
TO NORMAL FOLLOWING CORONARY ARTERY LIGATION 


| grtenson i | EFFECT OF ANOXEMIA ON ELECTROCARDIOGRAM 
| DAYS | DAY OF ECG | RS-T, RS-T, RS-T, 
9 93 5) | 0.5 t | 1.0 , 0.5 t 
12 29 29 0 0 () 
19 32 4 | < 0.5 | 0.5 | 0 
21 12 20 0 0.5 Ff 0 
99 29 47 0 1.0 4 0.5 4 
24 20 30 0.5 F 0.5 7 0.5 4 
26 | 15 22 | <05 | 0 1.0 | 
27 91 | 91 0.5 | 0 0 
29 24 24 0.5 F 1.0 4 1.0 4 


Arrows indicate direction of de viation of the RS-T segment from the level during 
air breathing ; numbers denote millimeters of deviation, 

Of four eats which showed electroecardiographie changes after liga- 
tion, two (No. 12 and 16) showed no exaggeration of the RS-T devia- 
tion as a result of anoxemia, which was induced but onee, and by an 
atmosphere containing 10 per cent oxygen. An oxygen-poor mixture 
(10 per cent) no longer evoked any electrocardiographie response on 
the sixty-eighth and twenty-ninth days after operation in the other 
two. Breathing a mixture containing five per cent oxygen induced 
electrocardiographie changes in one, but failed in the other (No. 21), 
which showed only a trace of infarction at autopsy (page 722). The 
administration of a mixture containing 5 per cent oxygen to two other 
sats induced electroeardiographie changes qualitatively similar to 
those caused by the administration of an atmosphere containing 10 
per cent oxygen. These cats also showed the usual T-wave inversion 


(TEN OF FOURTEEN CATS) 
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which occurred when a mixture containing 5 per cent oxygen was ad- 
ministered to the control eats. 

Pericardiotomy, without coronary artery ligation, was performed 
on one cat. In this ease, the administration of an oxygen-poor mixture 
(10 per cent) produced no RS-T changes at any time during the first 
four postoperative weeks. 

To ascertain whether the changes observed after the induction of 
anoxemia were caused by alterations in blood pressure, experiments 
were made upon six additional animals, three of which were normal. 
The blood pressure was recorded from one of the carotid arteries, and 
was progressively lowered by phlebotomy. Electrocardiograms were 
taken at various intervals as the blood pressure fell from an average 


Fig. 1(a).—Cat No. 22, preoperative control electrocardiograms, A. While breathing 
air. B. After five minutes of a mixture containing 10 per cent oxygen. C. After twenty 
minutes of a mixture containing 10 per cent oxygen. D. After ten minutes recovery 
period of air breathing. 
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normal of 130 mm. Hg to zero. Three of these cats had had coronary 
artery ligations three to four months previously, and on these cats 
anoxemia was induced when the blood pressure had been reduced to 
about 80 mm., and again at 40 mm. Hg. In these three cats, lowering 
of the blood pressure did not alter the effect of anoxemia on the 
electrocardiogram, and in all six eats the form of the eleectrocardio- 
gram was unaltered until the blood pressure had fallen to 10 mm. Hg, 
when some RS-T abnormalities appeared. 

The blood pressure was either unchanged or raised slightly by the 
induction of anoxemia in five cats. The sixth eat showed a fall in blood 
pressure. 

The blood pressure was recorded upon two eats during the per- 
formance of the ligation operation. While the chest was open there 


B D 


Fig. 1(b).—Cat No. 22, electrocardiograms taken immediately after operation. (Legend 
as in Fig. 1 (a@).) 
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was a profound fall in blood pressure, which promptly recovered, 
upon closure of the chest, to within 10 to 20 mm. Hg of the preop- 
erative level. In one cat upon which only pericardiotomy was per- 
formed, without coronary artery ligation, the blood pressure returned 
to normal upon closure of the chest. 

The drop in percentage oxygen saturation of the arterial blood which 
resulted from the administration of an atmosphere containing 10 per 
cent oxygen for 15 minutes was determined by the method of Van 
Slyke and Neill®® in two cats. In one there was a drop from 88 per 
cent to 44 per cent, and, in the other, from 84 per cent to 57 per cent. 
The low initial figures were probably caused by the respiratory depres- 
sion resulting from the anesthesia. 


& B D 


Fig. 1(c).—Cat No. 22, electrocardiograms taken twenty days after operation. (Legend 
as in Fig. 1 (a@).) 
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The protocol of a representative experiment is presented below (Cat 
No. 22). Anoxemia induced by breathing a mixture containing 10 per 
‘aused no RS-T deviation; changes in 


cent oxygen preoperatively 
Coronary artery ligation resulted 


T-wave amplitude were negligible. 
in upward deviation of the RS-T segment in all leads, and anoxemia 
inereased the deviation in two of them. The anoxemia had little 
effect on the T waves, which, following the operation, had increased in 
amplitude. There was prompt return to the preanoxemie form after 
the restoration of air. One week later the RS-T deviations had in- 
creased in one lead, and had started to regress in the other two. Anox- 
emia exaggerated the deviation in two leads, and changed the diree- 
tion of deviation in the other. Repetition of the procedure after twelve 


Fig. 1(d).—Cat No. 22, electrocardiograms taken forty-seven days after operation. 
(Legend as in Fig. 1(a).) 
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and twenty-two days, respectively, reproduced the changes which were 
present on the seventh day. The electrocardiogram, meanwhile, had 
begun to approach normal. By the twenty-ninth and forty-seventh 
days after ligation, the RS-T segments had become isoelectric. Again, 
the induction of anoxemia was followed by an approximation of the 
changes which occurred directly after ligation. Figs. 1 and 2 show 
the electrocardiographie progress of cats No. 22 and 28, with the 
effects of induced anoxemia before and after operation, and during 
the postoperative course. Tig. 3 suggests a parallelism between the 
size of the infaret and the electrocardiographie changes induced by 
anoxemia; the eats with the larger infarets showed the more extensive 


electrocardiographie changes. 


Fig. 2(a).—Cat No. 28, preoperative control electrocardiograms. (Legend as _ in 
Fig. 1(a).) 
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DISCUSSION 

The data analyzed in the preceding section indicate that only the 
deviations of the RS-T segment which result from ligation or from 
ligation and anoxemia were consistently indicative of myocardial 
damage. Other electrocardiographic changes did occur after coronary 
ligation and during induced anoxemia, but they were both inconstant 
and inconsistent, and could not be used as reliable criteria of coronary 
insufficiency. The administration of a mixture containing 10 per cent 
oxygen to the eats before coronary ligation resulted in no RS-T 
changes, although the T wave was oceasionally affected. T-wave in- 
version was induced econsisténtly by the greater degree of anoxemia 
resulting from the administration of an atmosphere containing 5 per 


Fig. 2(b).—Cat No. 28, electrocardiograms taken immediately after operation. (Legend 


as in Fig. 1(@).) 
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cent oxygen. These observations are in general agreement with those 
of other investigators.’* 18 Deviations in the RS-T segments in dogs 
resulted from an arterial oxygen saturation lower than 50 per cent in 
one series,’* and from a partial pressure of 56 mm. of mercury in an- 
other.’® 

The RS-T changes which appear following coronary occlusion and 
during attacks of angina pectoris have been generally ascribed to 
ischemia, with resulting anoxia of the involved myocardium. The 
RS-T changes which have been produced by asphyxia and by marked 
anoxemia, as well, were not evoked in this series of cats by the degree 
of anoxemia induced by having them breathe a mixture containing 10 
per cent oxygen. After coronary ligation, this degree of anoxemia 


Fig. 2(c).—Cat No. 28, electrocardiograms taken thirty-five days after operation. 
(Legend as in Fig. 1(@).) 
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increased the RS-T deviations in twelve of fourteen cats. It repro- 
duced these changes in nine of the ten eats (Table Ii) in which the 
RS-T deviations following coronary ligation had disappeared. 

Brief mention of the pathology of cardiae infarction may clarify 
the theoretical basis for the electrocardiographie changes observed. 
An experimental cardiae infaret is composed of a central area of ex- 
treme ischemia, surrounded by a relatively narrow periphery of 
edematous, anemic, but still viable, myocardium. In this outer area 
and from the adjacent myocardium, vascular anastomoses of greater 
or lesser degree occur. Since the electrocardiogram frequently re- 
sumes normal contours when a fibrotic area is present, it is suggested 
that the electrocardiographic changes are caused by the local myo- 


| 


Fig. 2(d).—Cat No. 28, electrocardiograms taken fifty days after operation. (Legend 
as in Fig. 1(a).) 
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‘ardial anoxia, and not merely by an area of scar tissue. The area 
at the periphery of the infarct is usually in a constant state of relative 
anoxia. With healing there are fibrosis of the infarct, improved local 
vascularity, and regression of the electrocardiographie changes. If 
it is assumed that these electrocardiographice changes were the result 
of local myocardial anoxia, it should be possible to cause their reap- 
pearance by the induction of mild anoxemia, thereby raising the level 
of local anoxia above the threshold for their manifestation. This was 
actually accomplished. In the instances in which anoxemia failed to 
induce electrocardiographie changes in the experimental cats it may 
be that there was a sharper demarcation of infarct from healthy 
muscle, with an area of relative ischemia too small to result in a 
supraliminal degree of anoxia, but an increase in the degree of induced 
anoxemia by the use of a mixture containing 5 per cent oxygen re- 
sulted in electrocardiographie changes in one of two eats. 


MM, 
4 k 
2 I DEVIATION OF RS-T 
SEGMENT FROM NORMAL 
| X - AFTER LIGATION 
i @ - ANOXEMIA AFTER 
LIGA TION 
3 4 5 S$Q.CM. 
Fig. 3.—Abscissa, area of infarct. Ordinate, deviation of RS-T segment, 


Coronary ligation impairs the blood flow only to that portion of the 
myoeardium supplied by the ligated vessel. On the other hand, pa- 
tients with coronary arteriosclerosis, to whom this test might be ap- 
plied, have more widespread impairment of eardiae blood supply 
without, necessarily, a true, major infaretion. Therefore, in such pa- 
tients the induction of mild anoxemia may be expected to increase 
the local myocardial anoxia sufficiently to produce characteristic 
electroecardiographie changes in a manner similar to that suggested 
by this study. The results of this work, when considered in conjunc- 
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tion with those of Levy, et al.,! on patients suspected of having coronary 
disease, justify the use of this test in the differential diagnosis of 
coronary: insufficiency. 

SUMMARY 


1. Under sodium pentobarbital anesthesia, anoxemia was induced by 
the administration of an atmosphere containing 10 per cent oxygen in 
fourteen cats before, and at intervals after, ligation of the left branch 
of the left anterior descending coronary artery. 

2. The RS-T segment of the electrocardiogram, which was unaf- 
fected by preoperative induction of anoxemia, was made to increase 
in deviation by postoperative induction of anoxemia in twelve of 
fourteen eats. 

3. The RS-T segment returned to an isoelectric position in ten 
eats, despite the persistence of the infarct, as shown at autopsy. The 
deviation originally produced by coronary ligation was reproduced 
by anoxemia in nine of these cats. 

4. Control observations disclosed that the changes observed were 
not caused by anesthesia, change in blood pressure, or pericardiotomy 


alone. 

5. The physiologic basis for the changes observed is discussed. It 
may be concluded from these observations that the effect of induced 
anoxemia is a rational test for coronary insufficiency. 


REFERENCES 


1. Levy, R. L., Bruenn, H. G., and Russell, N. G., Jr.: | The Use of Electro- 
cardiographic Changes Caused by Induced Anoxemia as a Test for Coronary 
Insufticiency, Am. J. Med. Sei. 197: 241, 1939. 

2. Leslie, A., Seott, W. S., Jr., and Mulinos, M. G.: Effect of Anoxemia Upon 

Klectrocardiogram of Cats After Coronary Ligation, Proe. Soe. Exper. Biol. 

& Med. 41: 652, 1939. 

3. Smith, F. M.: Ligation of Coronary Arteries With Electrocardiographic 
Study, Arch. Int. Med. 22: 8, 1918. 

4. Feil, H. S., Katz, L. N., Moore, R. A., and Seott, R. W.: Electrocardiographie 
Changes in Myocardial Ischemia, AM, Heart J. 6: 522, 1931, 

5. Katz, L. N., Hamburger, W. W., and Schutz, W. J.: Effect of Generalized 
Anoxemia on the Electrocardiogram of Normal Subjects, AM. Heart J. 9: 
771, 1934. 

6. Katz, L. N., and Hamburger, W. W.: Effect of Anoxemia on the Electro- 
eardiogram of Normal Persons, J. A. M. A. 100: 141, 1933. 

7. Ward, G. E. 8., and Wright, S.: Electrocardiographie Study of Heart During 

and After Nitrous Oxide Anesthesia, Lancet 2: 1184, 1929. 

8. Colvin, L. T.: Eleetrocardiographie Changes in a Case of Severe Carbon 

Monoxide Poisoning, AM. HeEArtT J. 3: 484, 1928. 
9. Haggard, H. W.: Carbon Monoxide Asphyxia, Am. J. Physiol. 56: 390, 
1921. 

10. Rothschild, M. A., and Kissin, M.: Production of Anginal Syndrome by Induced 
General Anoxemia, AM. HEArT J. 8: 729, 1933. : 

11. Rothschild, M. A., and Kissin, M.: Induced General Anoxemia Causing ST 

Deviation in the Electrocardiogram, AM. HEART J, 8: 745, 1933. 
12. Bergman, G. V. Erstickung im Herzmuskel als Ursach der Angina Pectoris, 


Deutsche med. Wehnschr. 60: 1378, 1954. 
13. Levy, R. L., Barach, A. L., and Bruenn, H. G.: Effect of Induced Oxygen 
Want in Patients With Cardiae Pain, AM. Heart J. 15: 187, 1938. 


14. 


99 


SCOTT ET AL.: ANOXEMIA AFTER CORONARY ARTERY LIGATION 737 


Binet, L., Strumza, M. V., and Ordonez, J. H.: Modifications de 1’Electro- 
cardiogramme au Cours de 1’Anoxhemie Aigue Chez le Chien, Compt. rend. 
Soe. de biol. 125: 318, 1937. 


. Binet, L., Strumza, M. V., and Ordonez, J. H.: Coeur et Anoxie, Arch. d. 


Mal d. Coeur 31: 11, 1938. 


. Kountz, W. B., and Hammouda, M.: Effects of Asphyxia and Anoxemia on the 


Electrocardiogram, AM. Heart J. 8: 259, 1932. 


. Green, C. W., and Gilbert, N. C.: Studies on the Responses of the Circula- 


tion to Low Oxygen Tension, Arch. Int. Med. 27: 517, 1921. 


. Kountz, W. B., and Gruber, C. M.: Electrocardiographie Changes in Anoxemia, 


Proc. Soc. Exper. Biol. & Med. 27: 170, 1929. 


. Lewis, T., and Mathison, G. C.: Auriculo-Ventricular Heart Block as a Result 


of Asphyxia, Heart 2: 47, 1910. 


. Mathison, G. C.: Cause of Heart Block Occurring During Asphyxia, Heart 2: 


54, 1910. 


. Gold, H., Travell, J., and Modell, W.: Effect of Aminophyllin on the Course 


of Cardiae Infaretion Following Experimental Coronary Occlusion, AM. HEART 
J. 14: 284, 1937. 


2. Hafkesbring, R., and MacCalmont, W.: Effect of Barbital Derivatives on 


the Electrocardiogram, Am. J. Physiol. 119: 322, 1937. 


23. Kohn, R., and Lederer, L.: Pentothal Studies With Special Reference to the 


Eleetroecardiogram, J. Lab. and Clin. Med. 23: 717, 1938. 


. Volpitto, P. P., and Marangoni, B. A.: Electrocardiographie Studies During 
I £ 


Anesthesia With Intravenous Barbiturates, J. Lab. and Clin. Med. 23: 


575, 1938. 


. Lieb, C. C., and Mulinos, M. G.: Some Further Observations on Sodium 


Iso-Amyl-Ethvl-Barbiturate as a Laboratory Anesthetic, Proce. Soc. Exper. 
Biol. & Med. 26: 709, 1929. 


. Gross, L., and Calef, B.: Eleetrocardiographie Changes in the Dog Following 


Sudden Occlusion of Left Anterior Descending Coronary Branch, AM. Heart J. 
14: 677, 1937. 


. Harris, B. R., and Hussey, R.: Electrocardiographie Changes Following Coro- 


nary Ligation in Dogs, AM. Heart J. 12: 724, 1936. 


28. Barres, A. R., and Mann, F. C.: Electrocardiographie Changes After Ligation 


of Coronary Arteries of Dog, AM. Heart J. 7: 477, 1932. 


29. Van Slyke, D. D., and Neill, J. M.: The Determination of Gases in Blood 


and Other Solutions by Means of Vacuum Extraction and Manometric 
Measurement. I, J. Biol. Chem. 61: 523, 1924. 


| S 
2 


THE BASAL METABOLIC RATE IN ORGANIC HEART DISEASE 


J. Stewart, M.D., aNp B. Jack, M.D.* 
New York, N. Y. 

Fae attempts have been made to correlate basal metabolic 

rate with many physiologic functions, there is very little in the 
literature relating to basal metabolic rate and cardiovascular phe- 
nomena in eardiae disease. From Du Bois’ review of the literature 
up to 1936, it appeared that the basal metabolic rate in severely ill 
cardiae patients with dyspnea was increased as much as 28 to 49 per 
cent. If dyspnea was not present, the basal metabolic rate was not 
increased. Hamburger and Lev? were of the opinion that the increase 
in basal metabolic rate was proportional to the degree of decompensa- 
tion, since it appeared that all except one of their seventeen patients 
who had an increase in basal metabolic rate were moderately to se- 
verely decompensated. Peabody, Wentworth, and Barker,’ on the 
basis of measurements of vital capacity, divided their cases into two 
groups; in the first group were those patients in whom the vital ea- 
pacity was more than 60 per cent of normal, and in the second, those 
in whom it was less than 60 per cent of normal. Those in the first 
group were all comfortable at rest; their average basal metabolic 
rate was +2.5 per cent; on the other hand, those in the second group 
suffered from severe cardiac disease and some were dyspneie at rest; 
their average basal metabolic rate was +12.8 per cent. In a study of 
217 eardiae patients, Boothby and Williust found that the basal 
metabolic rate was only slightly above normal, regardless of the 
etiology of the eardiae disease. Dieuaide® found that the basal 
metabolie rate was raised 16.7 per cent in a patient during an attack 
of ventricular paroxysmal tachyeardia. Reznitskaya and Spivak,® in 
a study of 620 cases, found no relation between maximal blood pres- 
sure and basal metabolie rate in hypertensive eardiae disease. Nylin® 
found that the basal metabolic rate was increased in patients suf- 
fering from eardiae disease. When a digitalis preparation was given 
intravenously and these patients improved, he observed a transient 
increase in basal metabolic rate, which was followed by a decrease in 
those patients who did not have cirrhosis of the liver. 

The conclusions of the above studies are summed up by Du Bois,' as 
follows: ‘‘In general, it seems that there is nothing in heart disease of 
itself that alters the metabolism, but that the increased activity of 
the muscles of respiration causes an inereased oxygen consumption. ’’ 
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Stewart, Deitrick, and Crane,® in a study of four cases of spon- 
taneous myxedema, both before and during thyroid therapy, found a 
linear correlation between oxygen consumption and circulation time, 
oxygen consumption and arteriovenous oxygen difference, and basal 
metabolic rate and arteriovenous oxygen difference. In other words, 
as the oxygen consumption increased and the basal metabolic rate ap- 
proached normal, there was a decrease in circulation time and a decrease 
in arteriovenous oxygen difference. In a similar manner, in this in- 
vestigation an attempt has been made to correlate basal metabolic 
‘ate with the functional state of cardiac patients and with arterio- 
venous oxygen difference, circulation time, venous pressure, cardiac 


area, and left ventricular work. 


METHODS 


All observations were made in a similar fashion in the morning, with patients 
in a basal metabolic state. During the measurements of oxygen consumption 
the patients sat in a steamer chair (at an angle of 135°), with the legs extended. 
Oxygen consumption was measured with a Benedict-Roth metabolism apparatus, 
and the basal metabolic rate was calculated from Mayo Foundation Standards 
for age and sex,? and the surface area tables of Du Bois and Du Bois.10 

Measurements of arteriovenous oxygen difference!!, 12 were taken from cardiac 
output data on these patients. 

Arm-to-tongue circulation time was estimated by the use of decholin; 5 c.e. of 
a 20 per cent solution were injected in one or two seconds into an antecubital 
vein while the patient was lving quietly in the supine position. This was repeated 
in one and one-half minutes. The time was recorded from the beginning of the in- 
jection until the patient perceived the bitter taste. 

Measurements of cardiac area were made by the technique of Levy.13 

The vital capacity was computed as per cent of normal by the method of 
West, as described by Lemon and Moersch.'4 

Three hundred sixty basal mwetabolie estimations were made on 140 patients. 
The patients fell into the following groups: sixty-five patients suffering from 
heart disease who had never experienced heart failure; twenty-seven exhibiting 
signs and symptoms of heart failure at the time of the observations; twenty-two 
who had recovered from congestive heart failure; twelve who were followed from 
failure to compensation; fourteen on whom estimations were made during the 
presence of cardiac irregularities and again after return to normal sinus rhythm; 
and, finally, the pericardial group, which included eight patients suffering from 
chronic constrictive pericarditis, tree recovering from pericarditis with effusion, 


and three exhibiting pericardial effusion. 


Basal Metabolic Rate and Physiologic State of Cardiac Patients.—The 
average* of 110 basal metabolic rate estimations on sixty-five eardiae 
patients who had never experienced heart failure was —1 per cent. The 
average of sixty-three basal metabolic rate estimations on twenty-seven 
patients during failure was +7 per cent, and of forty-one on twenty-two 
patients after they had recovered from failure was also —1 per cent 
(Fig. 14). A number of these patients had auricular fibrillation. The 


*The averages were obtained by adding the basal metabolic rates and dividing by 
the number of estimations. 
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average for the normal rhythm group alone, before failure, was —2 
per cent, during failure +10 per cent, and after recovery —1 per cent 
(Fig. 1B). On the other hand, the average for the auricular fibrillation 
group before failure was +2.5 per cent, only +3 per cent during failure, 
and —1 per cent for the group which had recovered from failure 


(Fig. 1C). 
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Fig. 1.—Basal metabolic rate and functional state of cardiac patients. In A are 


plotted as frequency diagrams the data relating to the basal metabolic rates of 
patients grouped on a functional basis, namely, those who had never suffered heart 
failure, those with failure, and those who had recovered from failure, and those with 
normal rhythm as well ag those with auricular fibrillation. In B and C the data on 
the two rhythms are seprated, In this figure, as well as in Fig. 2, each block rep- 
resents one basal metabolic rate estimation, and arrows indicate the average for the 
group. 


Basal Metabolic Rate and Cardiac Arrhythmia.—There were forty- 
five basal metabolic rate estimations on fourteen patients who had certain 


paroxysmal irregularities, namely, auricular fibrillation, auricular flut- 

ter, and supraventricular and ventricular tachyeardia. Twenty-one of 

these were carried out when the irregularity was present; their average 

basal metabolic rate was +7 per cent. The average of twenty-four 

estimations in this same group after return to normal sinus rhythm was 
1 per cent (Fig. 2A). 
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Basal Metabolic Rate and Dyspnea.—The patients who suffered from 
heart failure were divided into those who had dyspnea and those who 
did not. The average of twenty-nine basal metabolic rate estimations 
on eighteen patients with heart failure and dyspnea was +10 per cent. 
On the other hand, the average of thirty-four basal metabolic rate 
estimations on nine patients with heart failure who did not have dysp- 
nea was +5 per cent (Fig. 2B). 
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Fig. 2.—In A are recorded as frequency diagrams the data relating to the basal 
metabolic rates during paroxysmal cardiac irregularities and after restoration of 
normal rhythm. In B are plotted as frequency diagrams the basal metabolic rates 
of decompensated patients, grouped with respect to presence of dyspnea. In C are 
plotted as frequency diagrams data relating to basal metabolic rate and vital capacity. 


Basal Metabolic Rate and Vital Capacity.—In seventy-three cases in 
which the vital capacity was 60 per cent, or more, of the calculated nor- 
mal, the average basal metabolic rate was +3 per cent, and, in seventeen 
cases in which the vital capacity was less than 60 per cent of normal, the 
average basal metabolic rate was only +6 per cent (Fig. 2C); this is 
in contrast to Peabody’s* averages of +2.5 per cent and +128 per cent, 
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respectively. On the other hand, of twenty-nine patients who were 
suffering from heart failure, fifteen had vital capacities of more than 
60 per cent, and fourteen of less than 60 per cent, of normal. The aver- 
age basal metabolie rate in the two groups was +10.4 per cent and +9.4 
per cent, respectively (Fig. 2C). It does not appear from this analysis 
that vital capacity is an accurate index of the degree of decompensation, 
or that there is a significant relation between the level of decreased vital 
capacity and that of increased basal metabolic rate. 
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Fig. 3.—In this figure the basal metabolic rate is plotted against 
oxygen difference in patients followed from the stage of decompensation to restoration 
of compensation. During failure the basal metabolic rates are higher, and the arterio- 
venous oxygen difference greater, than after restoration of compensation. 

Basal Metabolic Rate and Other Measurements of the Circulation.— 
In the group of patients who had never experienced heart failure, there 
appeared to be no correlation between basal metabolic rate and ar- 
teriovenous oxygen difference, or circulation time, or venous pressure, 
or heart size. or left ventricular work. During heart failure the aver- 
age basal metabolic rate increased slightly, as did the average ar- 
teriovenous oxygen difference, circulation time, venous pressure, and 
heart size, while the left ventricular work decreased, but there was no 
linear correlation between any of these measurements and the basal 
metabolie rate. After recovery from failure the basal metabolic rate, 
circulation time, venous pressure, and heart size decreased, and left 


ventricular work increased. 
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A few patients were observed while they had failure and after they 
recovered. Although, on plotting the data, no two of the eases fol- 
lowed the same line, the group suffering from failure exhibited an in- 
creased basal metabolic rate, as well as an inereased arteriovenous 
oxygen difference (Fig. 3), venous pressure, circulation time, and 
heart size, and decrease in left ventricular work, which was succeeded 
by a decrease in metabolism, a decrease in arteriovenous oxygen dif- 
ference, in circulation time, in venous pressure, and in heart size, and 
an increase in left ventricular work, as compensation returned. In 
a similar fashion, in seven cases of chronie constrictive pericarditis no 
linear correlation between basal metabolic rate and measurements of 
the circulation was apparent. 
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Fig. 4.—In this figure basal metabolic rate is p]otted against arteriovenous oxygen 
difference for the paroxysmal tachycardia group. As normal sinus rhythm replaces 
the irregularity the trend is toward a lower basal metabolic rate, with a smaller 
arteriovenous oxygen difference. 

The patients with arrhythmias who were followed from the time 
when the irregularity was present until normal rhythm was restored 
showed, for the most part, the same changes as the patients who were 
followed from failure to compensation. The increase in basal metabolic 
rate during the irregularity was definite, though not marked, and there 
were an increase in arteriovenous oxygen difference (Fig. 4), cireula- 
tion time, venous pressure, and in heart size, and a decrease in left 
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ventricular work. With return to normal rhythm there were a de- 
crease in basal metabolic rate, in arteriovenous oxygen difference, in 
circulation time, in venous pressure, and in heart size, and an inerease 
in left ventricular work. The changes do not appear to depend upon 
the type of the irregularity. 

No correlation between systolic blood pressure and basal metabolism 
could be established, either in cases of hypertensive heart disease or in 
other types of heart disease in which the blood pressure was at a nor- 
mal level. 

DISCUSSION 

An attempt has been made to correlate basal metabolic rate, the 
functional state, and several measurements of the circulation in a 
group of patients suffering from organic cardiae disease. Patients 
were classified on a functional rather than an etiologic basis. The 
lack of close correlation was apparent, and was in large measure a 
result of the wide variations in basal metabolic rate, even in patients 
who had never experienced failure. Even though separating out and 
dealing only with the cases of rheumatic heart disease eliminated many 
of the extremes of basal metabolic rate, a closer correlation did not 
appear. 

There was a slight, but definite, increase in the average basal 
metabolic rate during heart failure, with a return toward normal after 
recovery from failure. Some of these patients exhibited quite marked 
changes, but the averages for the groups did not reveal as much varia- 
tion as other investigators have found. The magnitude of increase in 
basal metabolie rate did not parallel the degree of decompensation, an 
observation which differs from the opinion expressed by Hamburger 
and Lev.? 

When the analysis is made with respect to dyspnea, it appears that 
the presence of this symptom is a significant factor in raising the basal 
‘ate during heart failure. This is in agreement with the 


metabolie 
The increase in basal metabolie rate, how- 


observations of others.' 
ever, does not appear to be entirely the result of the increased muscu- 
lar effort of dyspnea. Evidence for this view is at hand in the ob- 
servation that the group of patients without dyspnea but with other 
signs of decompensation exhibited an increase in average basal metabolic 
‘ate, although it was not so great (Fig. 2 A and B). All of these ob- 
servations were made on patients who were able to breathe satis- 
factorily during the rebreathing carried out for the estimation of the 
arteriovenous oxygen difference as a part of the measurement of 
‘ardiae output; these averages might have been higher had more ex- 
tremely dyspneie patients been studied. 

Likewise, when the relationship between vital capacity and basal 
‘ate was investigated, we found that the basal metabolie 


metabolic 
rate inereased in patients whose vital capacity was diminished (Fig. 
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2C), but not to so great an extent as that observed by Peabody, Went- 
worth, and Barker.’ There did not appear to be a significant correla- 
tion between the level of decrease in vital capacity and the level of in- 
crease in basal metabolic rate. 

The patients who had auricular fibrillation were separated from 
those whose cardiac mechanism was normal. Before failure, the basal 
metabolic rates in both groups showed the same variations; approx- 
imately as many were above normal as below (Fig. 5). This was the 
ease also in the groups in which the basal metabolic rate estimations 
were made after recovery from failure. During failure, however, 
the variations of basal metabolic rate in patients who had auricular 
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fibrillation did not change; the rates were scattered both above and 
below zero. In those patients with normal rhythm, however, there was 
not only a definite rise in average metabolism, but in all except five 
patients the metabolism was above zero (Fig. 5). That this was not 
beeause there was a smaller number of patients who had auricular 
fibrillation is apparent from this seatter diagram. It appears that 
the presence of auricular fibrillation in some manner prevented an in- 
crease in basal metabolism when failure took place. 

In those patients whom it was possible to follow from heart failure 
to recovery or from an irregularity to normal rhythm, it was found 
that with restoration to compensation or return to normal sinus rhythm 
the basal metabolic rate fell, the arteriovenous oxygen difference de- 
creased, circulation time became shorter, venous pressure fell, cardiac 
size decreased, and the left ventricular work per beat increased. Al- 
though no two patients followed the same linear pattern, the trend 
in most cases was in the same direction; in short, all of these functions, 
namely, basal metabolie rate, arteriovenous oxygen difference, cireula- 
tion time, venous pressure, cardiae size, and left ventricular work, 
appear to be dependent upon some other factor. 

When patients who had never had failure were fully digitalized, 
no apparent effect on the metabolism was observed, which is in con- 
trast to the changes which have been described in the presence of 
failure. 

Finally, since Cohn and Steele have ealled attention to the oceur- 
rence of fever in heart failure,’ '* '? we tried to ascertain whether 
there was a correlation between basal metabolie rate and the presence 
of fever. For this purpose we analyzed the temperature curves of the 
patients whose data are plotted in Fig. 5. A rise in temperature oc- 
curred only five times on the day of the metabolic test, as compared 
with 211 tests when there was no fever. In those five the range of the 
basal metabolic rate was from —4 per cent to +22 per cent, whereas 
the range in those without fever was from —45 per cent to +41 per cent. 
Obviously, an increase in basal metabolic rate is not to be accounted 
for by the presence of fever. 

We were unable in this series to correlate basal metabolie rate with 
eardiae output, as Starr, et al.,"* '° have done, because, with the Groll- 
man technique for measuring cardiae output, the oxygen consumption 
is used in the ealeulations. 

CONCLUSIONS 


1. The basal metabolic rate was increased, on the average, by 8 per 
cent during cardiac decompensation of the severity which we studied. 
The high range in patients who did not have failure was as great, but 


in this group there were more rates below zero. 
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2. Decreased vital capacity and dyspnea were apparently not the 
only factors which were operative in the production of increased oxygen 
consumption, although they may have been the most important. 

3. No increase in basal metabolic rate could be attributed to the pres- 
ence of fever. 

4. No correlation could be detected between basal metabolic rate and 
arteriovenous oxygen difference, circulation time, venous pressure, heart 
size, and left ventricular work, unless individual patients were followed 
through from failure to compensation. In these latter cases, as com- 
pensation took place a decrease in oxygen consumption was accom- 
panied by a decrease in arteriovenous oxygen difference, in circulation 
time, in venous pressure, and in cardiae area, and by an increase in left 
ventricular work. In short, the increased basal metabolic rate and these 
other functions appear to be dependent on the same factor. 

5. When normal sinus rhythm replaced certain cardiae irregularities, 
the changes were similar to those which were observed when compensa- 
tion succeeded failure, with the exception that there was no correla- 
tion between basal metabolic rate and venous pressure. 

6. In patients with auricular fibrillation the basal metabolic rate 
varied markedly, and as many were above zero as below when the pa- 
tients had failure. On the other hand, if normal rhythm prevailed, 
nearly all of the basal metabolie estimations were above zero when fail- 
ure occurred. 

7. Digitalis, in the manner in which we gave it, had no effect on basal 
metabolic rate except in so far as it helped to abolish congestive failure. 
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PERICARDIAL EFFUSION IN MYXEDEMA 
Report oF A CASE IN WHICH THE INTRAPERICARDIAL 
PRESSURE WAS MEASURED 


W. R. Frassy, M.D. 
ToRONTO, CAN. 


HE literature on the subject of myxedema heart disease began with 

the original report of Zondek,' in which he described it as a clinical 
entity. Similar reports by Assmann,? Meissner,’ and Fahr* followed. 
Other observers questioned the existence of such an entity. Among 
these were Willius and Haines’ and Christian.* More recently, the 
original idea has been supported by Means, White, and Krantz,’ Holz- 
man,® Davis,® Tung,'® and Ayman, et al.'' Gallagher’? reports a ease 
and gives the eriteria for diagnosis. In general, the manifestations these 
writers describe are those of congestive heart failure. With thyroid 
extract therapy the heart grows smaller, and when the therapy is dis- 
continued it again enlarges, which gives rise to the expression ‘‘ac- 
cordion’’ or ‘‘reversible’’ heart. 

More recently, since the report of Gordon,'* in 1929, evidence has been 
found that at least part of the cardiae enlargement in myxedema may 
be caused by pericardial effusion. Gordon, in his report, deseribed the 
case of a 68-year-old man who had typical myxedema, with a gross in- 
crease in the transverse cardiae diameter. Thyroid extract therapy 
was effective in remedying both of these conditions. During treatment, 
large amounts of pericardial fluid were aspirated on several occasions, 
and onee the withdrawal of 1,700 ¢.e. of fluid reduced the transverse 
eardiae diameter by 7 em. Freeman,'t Evans,'® and Marzullo and 
Franeo'® have reported similar cases. 

That the condition oceurs in lower animals was recognized by Tatur,"’ 
in 1912, when he found pericardial effusion in thyroidectomized animais. 
CGoldberg,'® in 1927, performed thyroidectomies on sheep and goats, 
and, two years later, at autopsy, found that pericardial effusion was 
present. The hearts of these animals were pale and flabby, and micro- 
secopie sections showed disintegration of the heart muscle fibers. 

The following ease is presented because of its apparent rarity, and 
because it served to demonstrate how intrapericardial pressure may be 


measured during the investigation of sueh eases. 


CASE REPORT 
Mrs. R. C. (2082-39) was admitted Dee. 2, 1938, under the care of Dr. W. Hurst 


Brown and was discharged Feb. 2, 1959. 


Received for publication Aug. 23, 1939. 
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History.—This patient was in good health until 1933, when she first noticed 
weakness and loss of appetite. These symptoms grew gradually worse until, in 1936, 
her hair became dry and brittle and began to fall out. About at this time her 
vision became so poor that she could not read street signs. She suffered con- 
siderably from distention and eructation of gas after meals. Severe constipation 
made the use of laxatives obligatory. For two years she had had shortness of 
breath and palpitation on climbing one flight of stairs. Her menstrual periods 
became irregular, more frequent (every two or three weeks), more profuse, and 
were accompanied by a foul-smelling discharge. With each period she noticed 
small hemorrhages beneath the skin which passed away in a few days. Her skin 
became dry and sealy, and there were puffy patches under her eyes. Her ap- 
pearance became so changed that friends would pass her in the street without 
recognizing her. Her voice became very low, her memory very poor, and her 
tolerance for cold remarkably reduced. She lost fifteen pounds between 1937 and 
1939. 

Personal History.—The patient was born in Scotland and had lived in Canada 
for twelve years. She had been married for eighteen vears, and had four healthy 
children. 

Physical Examination.—The patient was a very emaciated white woman, who 
looked about 70 years old. She had the typical appearance of markedly myxedem- 
atous persons, with dry, thin hair and sealing scalp, expressionless face, and pouches 
of edema beneath deep-set dark-ringed eves. The vision was poor, but the eye 
grounds showed only pallor. The mouth was edentulous, and the mucous mem- 
branes pale. There were numerous, short, linear, surgical sears in the anterior 
portion of the neck. The pulse rate was 70; the pulse was regular, rhythmic, and 
of good volume. The blood pressure was 110/70. On palpation, the apex beat was 
felt in the fifth left intercostalspace, about 9 em. from the midline, but the outer- 
most percussion border was 4 em. to the left of this point, and the heart was 
enlarged to pereussion in all directions. The heart sounds were of fair quality, 
and no adventitious sounds were heard. The abdomen showed only moderate 
gaseous distention! The skin over the extremities was thin, atrophic, and sealy, 
but no myxedematous deposits could be felt except those under the eyes. 
There was nothing to note about the nervous system except mental changes. 
Memory and concentration were poor. The patient was mildly depressed, and, at 
times, suffered great fear of imminent death. 

Laboratory Examination—On admission, the hemoglobin was 68 per cent, the 
erythrocyte count, 3,200,000, and the leucocyte count, 13,500. The blood smear 
showed nothing but macrocytosis. The sedimentation rate (uncorrected) was 32 
mm. in two hours. The blood Wassermann reaction was negative. The urine 
contained a very slight trace cf albumin; no sugar or acetone was found, and 
there was nothing unusual microscopically. The two-hour test of renal function 
showed a maximum variation in specific gravity of 6 points; the ratio of day 
to night urine volume was 7:4. The nonprotein nitrogen content of the blood 
was 35 mg. per cent, the serum calcium, 9.9 mg. per cent, and the blood cholesterol, 
236 mg. per cent. The glucose tolerance curve was normal. 

Four teleoroentgenograms (Figs. 1 to 4) were made during the course of 
treatment. Fluoroscopic examination showed that the heartbeat produced very 
little movement of the cardiae borders prior to treatment, and that this move- 
ment increased during treatment. Measurements with the orthodiaseope were 
made at frequent intervals. Table I correlates these measurements with the basal 


metabolie rate, and other observations, during the treatment. 
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Figs. 5A and 5B show electrocardiograms which were obtained before treatment, 
and after six months of treatment, respectively. It will be noted that the voltage 
was initially low, and that it increased considerably after treatment; the definition 


of the T waves also improved. 


Fig. 1. 


Figs. 1 to 4.—These were all made at a distance of 6 feet. Fig. 1 shows the ap- 
pearance of the heart shedow with the patient in the prone position, and Fig. 2 with 
her in the vertical position. Both were made Dec. 5, 1938, before she had any treat- 
ment. Fig. 3 shows the heart shadow diminishing in size (Jan. 16, 1939), and Fig. 4, 


taken May 20, 1939, shows the marked diminution in the transverse diameter of the 
heart after almost six months of treatment. 


Fig. 5.—These electrocardiograms show the effect of thyroid therapy on the voltage 
and on the P and T waves. A was made Dec. 5, 1938, and B was made May 20, 1939, 
after almost six months of thyroid extract the rapy. 


| 
| 
Fig. 2. 
Fig. 3. = ‘ Fig. 4. 
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TABLE I 
TREATMENT AND PROGRESS 


WEIGHT T ACIC "HYROID -ULSE 
DATE up. | PER 
IN LB. | c.MM RATIO EXT. RATE 
(CM.) | pose (P.D.) 
Dee. 3, 1938 OS% | 3.2 -45 15.5/23 | 72 
Dee. 10, 1938 er. li 
10, gr. 
Dee. 14, 19388 gr. iiss 
Dee. 19, 1988 81} - 6 15/22.5 gr. iil 72 
Dee. 23, 1938 my: gr. ii 84 
Dee. 31, 1938} 84 -10 gr. iiss 
Jan. 4, 1939 gr. i 110t 
Jan. 9, 1939 | 15/22 
Jan. 16, 1939 86 | 639% | 3.9 -12 er. i | 80 
Jan. 25, 1939 | 72% | 39 -12 
Feb. 1, 1939 100% | gr. i 
Feb. 26, 1939} 83 | -16 | | grii 
Mar. 7, 1939 | | gr. iss 
Mar. 23, 1939) 86 | | plus 10 /11.5/22.5| gr. ss | 
May 20, 1939] 94 gr. i 
Jan. 20, 1939 97 | | -10 er. i 
Aug. 16, 1939] 984 72% | 3.7 -8 |11.1/22 gr. i | 86 


*The dose recorded opposite any date was given until the next date at which a 
change is recorded. 
{The dose was reduced here because of the rapid pulse rate. 


Aspiration of the Pericardial Sac.—Since a difference of opinion arose as to 
whether excess pericardial fluid was contributing to the cardiae enlargement in this 
ease, aspiration of the pericardial sae under local anesthesia was undertaken. On 
Dec. 4, 1938, a needle, attached to an airtight syringe, was inserted at a point over 
the bare area of the heart, and 10 ¢.c. of straw-colored pericardial fluid were with- 
drawn. The appearance of a drop of blood, and the perception of a grating sensation 


through the needle which was synchronous with the heartbeat, were the reasons for 


discontinuing the aspiration. 

Two days later, 150 ¢.c. of dark blood-stained fluid were aspirated from the 
pericardial sac; the needle was inserted between the xiphisternum and the last left 
costal cartilage. The fluid withdrawn on this occasion contained 650,000 erythrocytes 
per e.mm.; the specifie gravity was 1.027, and the smear and cultures were negative 
for any organism. 

Measurement of the Intrapericardial Pressure.—During the course of the second 
aspiration the intrapericardial pressure was measured in the following way. The 
patient was lying on her back, with the upper part of her body about fifteen de 
grees above the horizontal. A needle, attached to an airtight syringe, was 
Fluid was withdrawn and discharged by means 
After 
water 


inserted into the pericardial sac. 
of a three-way tap,.without allowing any air to enter the pericardial sac. 
about 100 ¢.c. of the pericardial effusion had been removed in this way, ¢ 
manometer (such as is commonly used in a pneumothorax apparatus) was con- 
nected to the three-way tap. In this way, measurements of the pressure within the 
pericardial space could be made without interference or modification by atmos- 
pherie pressure. It was found that the intrapericardial pressure was variable; 
readings from -40 to +10 mm. of water were obtained. The variations which 
occurred could not be clearly correlated with the respirations and the cardiac cyele. 


DISCUSSION 


The fact that 10 ¢.e. of fluid could be aspirated initially from a 
point over the bare area of the heart seems proof enough that an effusion 


FEASBY: PERICARDIAL EFFUSION IN MYXEDEMA 753 


existed. This may have been slightly increased by the irritation of the 
few drops of blood which escaped into the pericardial sae at the first 
aspiration. Nevertheless, it seems certain that at least a part of the 
increase in the transverse cardiac diameter was caused by pericardial 
effusion. It is not possible to say, however, that other factors, related 
to the heart muszle, did not play a part in this enlargement. In fact, 
judging from the cases reported by others, in which little change could 
be observed in the transverse cardiac diameter after the aspiration of as 
much as 700 ¢.c. of pericardial fluid, it would seem that other factors 
definitely play some part in producing the increase in the transverse 
cardiac diameter. 

The value of roentgenograms in the diagnosis of small amounts of 
pericardial effusion must be questioned. As is well known, it is not 
necessary to have obliteration of the cardiohepatie angle to make the 
diagnosis (see Figs. 1 to 4). Furthermore, as is seen in Figs. 1 and 2, 
there was no difference in cardiac contour when the patient changed 
from the prone to the vertical position. Fluoroscopie observation of 
the movement of the heart borders is useful, but may be inconclusive. 
After exhausting the elinical and radiologie signs, it would seem that 
aspiration provides the only conclusive proof of the presence of small 
amounts of pericardial fluid. 

The measurement of intrapericardial pressure does not seem to have 
any great clinical significance, as it is probable that only a very rapid 
increase, causing cardiac tamponade, has any notable effect. However, 
since it does no harm, it is interesting to attempt it. The conception 
that the heart is bathed in a thin film of pericardial fluid makes this 
attempt impossible under normal circumstances. Experimental measure- 
ments usually involve the injection of something into the pericardial 
sac. However, when an effusion exists, an opportunity presents itself 
to attach a manometer and read the pressure. One might expect that 
the same pressure would prevail in the pericardial cavity as in the 
pleural cavities. These three potential spaces are similar, in that all 
have serous-lined, airtight, fluid-lubricated walls within the thoracic 
“age. When, in a ease of pleural effusion, the pressure is measured, 
it is usually found to be between —40 and +10 mm. of water. It is not 
surprising, therefore, to find that under similar circumstances the pres- 
sure is the same in the pericardial cavity. The single measurement 
which was made in this instance showed that the manometer described 
by Hamilton’? might be more satisfactory. It is suggested that the 
intrapericardial pressure should be measured whenever possible, until 
more is learned about the values and their fluctuations. 

SUMMARY 

1. The myxedema heart controversy is reviewed briefly. 

2. Cases in which pericardial effusion was proved to coexist with 
myxedema are listed from the literature. 
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3. A similar case is reported. 
4. Measurement of the intrapericardial pressure with a water manom- 


eter is described. 


The author wishes to express his thanks to Dr. H. K. 


Detweiler, Physician-in- 


Chief, and to Dr. W. Hurst Brown, for permission to publish this report, and for 
their helpful criticism. 
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Selected Abstracts 


Marchant, E. W., and Jones, H. Wallace: The Effect of Electrodes Made of 
Different Metals on the Skin Currents. Brit. Heart J. 2: 97, 1940. 


These experiments show the value of tin electrodes in diminishing the amount 
of the skin currents and suggest that tin is the most satisfactory material for 
electrodes. 

The superiority of tin electrodes did not appear to be due to the fact that 
they gave a smaller skin current than the others, but rather to this current being 
much more constant than with the other metals; in consequence when two elec- 
trodes were paired the two currents balanced each other. 

The surface resistance of tin electrodes is smaller than that of the other metals. 

Almost equally good results can be obtained with brass electrodes that have 
been heavily tin-coated; as these are more easily made and less expensive than 
the pure tin, they are now being used almost exclusively. 


AUTHORS. 


Berliner, Kurt: Use of Alpha Lobeline for Measurement of Velocity of Blood 

Flow. Arch. Int. Med. 65: 896, 1940. 

The alpha lobeline test is a practical method for the measurement of the 
velocity of blood flow. 

Age, sex, and individual variations in nervous irritability are major factors 
in determining the minimum amount of alpha lobeline required to produce cough; 
body weight is only a minor factor. 

AUTHOR. 


Altschule, Mark D., and Iglauer, Arnold: The Effect of Benzedrine (B-Phenyliso- 
propylamine Sulphate) and Paredrine (p-Hydroxy-a-Methyl-Phenylethylamine 
Hydrobromide) on the Circulation, Metabolism and Respiration in Normal 
Man. JJ. Clin. Investigation 19: 497, 1940. 


The effects of benzedrine and paredrine given in doses of 10 to 70 mg. on the 
metabolism, respiration, and cireulation were studied in fifteen subjects with 
normal cardiovascular systems. The drugs were given by mouth or intra- 
muscularly. In two cases the effect of these drugs was compared to that of 
epinephrine. 

Benzedrine and paredrine in doses of 20 mg. or more caused a marked rise in 
systolic and diastolic blood pressures in normal man. The ecardiae output, pul- 
monary circulation time, vital capacity, basal metabolie rate, and respiratory 
dynamics were not changed. 

In several instances transitory slowing of the pulse oecurred at the onset of the 
rise in arterial pressure due apparently to a vagal reflex. In some such eases a 
transitory slight decrease in cardiae output was also detected. 

The effects of adrenalin in man were quite different from those of benzedrine 
and paredrine. They consisted in a slight rise in systolie pressure, no change or a 
fall in diastolic pressure, marked increase in cardiae output, and shortening of the 


circulation time. 
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Benzedrine in doses ordinarily used clinically, i.e., 5 to 10 mg., has no significant 
effect on the cardiovascular dynamics. 

The prolonged pressor action, with no increase of cardiac output and no psychic 
stimulating effect, suggests that paredrine may be a useful drug in the treatment 
of certain types of vascular collapse, especially where stimulation of the myo- 


cardium may be undesirable. 
AUTHORS, 


Iglauer, Arnold, and Altschule, Mark D.: The Effect of Paredrine on the Venous 
System. J. Clin. Investigation 19: 503, 1940. 


Oral, intramuscular, or intravenous injection of paredrine produces a general- 
ized increase of venous pressure in normal man. 

Evidence is presented that this increase is due to active constriction of the 
veins produced by loeal stimulation. 

Venous constriction is not a factor in the production of arterial hypertension 


by paredrine. 
AUTHORS. 


McEachern, C. G., Manning, G. W., and Hall, G. E.: Sudden Occlusion of Coronary 
Arteries Following Removal of Cardiosensory Pathways: An Experimental 
Study. Arch. Int. Med. 65: 661, 1940. 


The purpose of the present paper is to report the results of experiments which 
show that the removal of the cardiosensory pathways protects the animal from 
pain and sudden death after ligation of the coronary artery in the conscious 
state. 

Three groups of experiments were carried out in this series. In the first 
group partial cardiosensory denervation was produced by removal of the stellate 
Pain was decreased, and the 


In 


and upper five thoracie ganglions on one side only. 
mortality following ligation of the large left circumflex branch was reduced. 
the second group, in which complete cardiosensory denervation was produced, 
ligation of the smaller anterior descending branch resulted in no sudden deaths, 
and no pain was evidenced. In the third group complete cardiosensory ligation 
of the large left circumflex branch resulted in a marked decrease in the mortality 
rate, and again no pain was evidenced. 

Removal of the cardiosensory pathways eliminates the pain and markedly re 
duces the mortality rate after sudden and permanent occlusion of the larger 
branches of the left coronary artery in the conscious dog. 

AUTHORS. 


Woodbury, R. A., Murphey, Eugene E., and Hamilton, W. F.: Blood Pressures in 
Aortic Coarctation: Study of Pulse Contours Taken by the Direct Method. 


Arch. Int. Med. 65: 752, 1940. 


Direct optical blood pressure tracings were made simultaneously from various 
arteries of a patient with coarctation of the aorta. Within arteries above the 
coarctation the systolic pressure was 160 mm. of mercury and the diastolic 88 
(mean 113); below the coarctation the pressure was 105 systolic and 82 diastolic 
(mean 93). Pulse contours recorded from arteries above the coarctation were 
of normal appearance; from arteries below the coarctation they were flat, smooth, 


and somewhat delayed. This is the opposite of the variation in contour that occurs 


normally, 
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Simultaneous rises in pressure produced in the lower and upper arteries by cough- 
ing and straining are discussed in detail. 

After injection of epinephrine hydrochloride the pressure rose in the upper 
arteries, and rose and then fell in the lower arteries. Later it rose in both systems. 
The records indicate that there was an increase in the resistance of the collateral 
circulation and peripheral arterioles and an increase in the elasticity of the larger 
vessels, 

Inhalation of amyl nitrite produced changes which were generally the reverse 


of those produced by epinephrine. 
AUTHORS. 


Starr, Isaac, and Schroeder, Henry A.: Ballistocardiogram. II. Normal Standards, 
Abnormalities Commonly Found in Diseases of the Heart and Circulation, and 
Their Significance. J. Clin. Investigation 19: 437, 1940. 

Ballistocardiograms, i.e., records of the heart’s recoil and the blood’s impacts, 
have been obtained on 300 normal persons and over 400 patients. This method 
requires nothing of the subject save that he lie on the table. No special training 
is needed by the operator and the time required is about the same as for an 
electrocardiogram, 

The amplitude of the ballistocardiogram is related to the cardiae output. 
Normal standards for cardiae output have been defined by tests on 200 healthy per- 
sons from 20 to 84 years of age. 

The form of the ballistocardiogram is determined by the changes of systolic 
blood velocity in the great vessels. The normal form has been defined. The 
common abnormalities have been described, their physiologic interpretations set 
forth, and their clinical significance discussed. The ballistocardiograph makes 
possible the routine estimation of the amount of the circulation over most, but not 
all, of the clinical field. It also provides evidence concerning cardiac health 
or disease of a type not obtainable by other methods. 

This method seems particularly adapted to study the course of diseases of the 
heart and circulation in single individuals, and to assess the influence of 
therapeutic agents in such conditions, 

AUTHORS. 


Schroeder, Henry A., and Fish, George W.: Studies on ‘‘Essential’’ Hyper- 
tension. III. The Effect of Nephrectomy Upon Hypertension Associated With 
Organic Renal Disease. Am. J. Med. Se. 199: 601, 1940. 

Seven patients exhibiting arterial hypertension associated with organic renal 
disease have been subjected to nephrectomy. Two were markedly improved, and 
two slightly improved, but all remain actually or potentially hypertensive. 

This form of therapy may prove of benefit, but, it seems, only in patients 
in whom the existence of hypertension is of short duration and in whom arteriolar 
sclerosis of the other kidney is not advanced. Its use is limited, therefore, to a 


small number of individuals. 
AUTHORS. 


Dicker, E.: The Role of the Kidney in the Pathogenesis of Arterial Hypertension. 
Am. J. Med. Se. 199: 616, 1940. 
For the kidneys to be able to cause hypertension their circulation must be 
restricted; all the other renal and urinary manifestations are secondary, in- 
dependent and ineapable of playing a part in the production and maintenance 


of the hypertension. 
AUTHOR. 
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Mainzer, F., and Krause, M.: The Electrocardiogram in Pellagra. Brit. Heart 

J. 2: 85, 1940. 

Forty-five electrocardiographic records of twenty-three pellagrins with normal 
circulatory condition have been studied. 

In about three-fifths the cardiogram was abnormal. That these abnormalities 
have a casual relationship to pellagra is demonstrated by the fact that their 
development is parallel to the clinical course of the disease, and particularly by 
the rapid disappearance of these changes in some cases subsequent to nicotinic 
acid treatment. 

Tachyeardia is mostly encountered at the climax of the disease and bradyeardia 
during the period of convalescence. 

The most frequent changes in the electrocardiogram are: 

1) low voltage of the ventricular complex, 

2) notching of the ventricular complex, 

3) deformation of the S-T interval and inversion of the T wave, and, less 
commonly, 

4) shortening of the P-R interval. 

These changes are, however, not in themselves characteristic of pellagra. 
Aalsmer and Weneckebach (1929) consider this last characteristic of beriberi, it 


Since 


must be assumed that in pellagra also it may be brought about by a deficiency of 
vitamin B,, accompanying the deficiency of the pellagra-preventive-factor. 


AUTHORS. 


Hahn, L.: The P-R Segment in Hypertensive Heart Disease. Brit. Heart JJ. 

2: 101, 1940. 

In 200 electrocardiograms from cases of arterial hypertension, depression of 
the P-R segment, reaching or exceeding 0.5 mv., was found in 74 per cent of the 
whole series; in 53 per cent in Lead II or in Leads If and ITI. 

The average systolic pressure was the same in those with and in those without 
these changes. 

The average age of those with these changes in the P-R segment was rather 
older, and 34 instead of 18 per cent were over 60 years of age. 

There was a larger proportion with left ventricular preponderance. 

The clinical condition of the heart was rather more severe in the group with 
these changes. 

It is suggested that the changes of the P-R segment in hypertension result from 
arteriosclerosis of the auricular arteries, causing an insufficient blood supply of 
this part of the heart muscle. 

AUTHOR. 


Hunter, Alastair, Papp, Cornelio, and Parkinson, John: The Syndrome of Short 
P-R Interval, Apparent Bundle Branch Block, and Associated Paroxysmal 
Tachycardia. Brit. Heart J. 2: 107, 1940. 

Nineteen patients having an electroeardiogram with a short P-R interval and 

a ventricular complex of bundle branch block appearance (Sh.P-R : B.B.B.)—the 

so-called Wolff, Parkinson, White Svndrome—have been studied, along with three 

others having a short P-R interval but a normal ventricular complex. 
The short P-R interval and bundle branch block syndrome constitutes about 

5 per cent of all cases of bundle branch block (140 consecutive cases), and it is 

found in about 5 per cent of patients who are subject to paroxysmal tachyeardia 

(150 consecutive cases). About three quarters (fifteen out of nineteen) of 

those with short P-R : bundle branch block had attacks of paroxysmal tachy- 


cardia, but only one of the three with short P-R alone had attacks. The charae 
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teristic electrocardiogram may be discovered at a routine examination in persons 
otherwise healthy, in patients with paroxysms of tachycardia, or in those having 
some other cardiac disease. 

Much as in ordinary paroxysmal tachycardia, where most patients are otherwise 
healthy though some have associated and even causal heart disease, so in this 
short P-R : bundle branch block syndrome only a minority have organic heart 
disease (eighteen of ninety reported cases and three of our nineteen cases). Occa- 
sionally the causal connection seems to be definite; for instance one patient 
first showed the characteristic cardiogram soon after acute rheumatism; and 
examples have been reported after coronary thrombosis. The prognosis seems to 
be unaffected by the occurrence of the syndrome, even in a patient with associated 
heart disease. 

A remarkable feature is that the same patient may at one time show the 
typical cardiogram and at another a normal one, both at normal rates. Such 
switching may be spontaneous, though it may also be induced by exertion or by 
atropine. It is usually abrupt; only if produced by atropine is it likely to be 
gradual. The paroxysms of tachyeardia are generally supraventricular. Of seven 
patients whose paroxysms were recorded, five proved to be supraventricular, one 
supraventricular and at other times ventricular, and one ventricular tachycardia 
with auricular fibrillation. 

A partially isoelectric P in Lead I of a normal tracing with full ventricular 
complex (near 0.1 see.) might simulate short P-R : bundle branch block, except 
that the other leads are normal. On the other hand the slurring of R in a ease 
of short P-R : bundle branch block may in one lead fuse with the P-R period 
making it isoelectric, and like a normal beat, although the other leads are charac- 
teristic of the syndrome. 

Bearing on the mechanism of the peculiar electrocardiogram: (a) P often be- 
comes modified in shape when the abnormal cardiogram of short P-R : bundle 
branch block changes to normal, and this fact alone shows the involvement of a 
pacemaker that under both conditions can scarcely be a normal one; (b) fixity 
of the R-T distance with reversion to normal, and the peculiar aspect of the 
apparent branch block (slurring of the foot of R and rarity of diphasism com- 
pared with true branch block) are reasons against acceptance of the syndrome as 
real bundle branch block. 

As these current hypotheses scarcely explain our findings, we are inclined to 
think that the typical syndrome represents a double rhythm by two interfering pace- 
makers, one near the sinus and the other in one bundle branch. The modified 
P preceding the broad ventricular complexes is due to the upper pacemaker; a 
ventricular extrasystole, arising low in one bundle, quickly interferes and so 
shortens the P-R interval. The aberrant QRS complex is produced by the ven- 
tricular extrasystole and is modified by the QRS of the S-A impulse which 
reaches the ventricle through the unaffected bundle branch. Intermediate ven- 
tricular complexes might be due to the gradual suppression of the ventricular 
pacemaker. The increased excitability of the conductive system (possibly con- 
genital), responsible for the two pacemakers at a normal rate, is also indicated 
by the special liability to paroxysmal tachyeardia. The subsidiary group, that 
with short P-R only, are examples of true nodal rhythm. 

AUTHORS. 


Pollard, H. Marvin, and Harvill, T. Haynes: Painless Myocardial Infarction. Am. 
J. Med. Se. 199: 628, 1940. 


In a study of 375 eases of myocardial infarction in which the diagnosis was 


based on the clinical features, electrocardiographie findings, and available necropsy 
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material, there were seventeen instances (4.5 per cent) of undoubted coronary 
occlusion in which no pain, substernal pressure, or other ‘‘anginal’’ symptoms 
had occurred at any time. 

There were fifteen additional cases (4 per cent) in which there had been no 
pain or anginal symptoms and in which the presence of myocardial infaretion was 
strongly suspected even though the electrocardiographic findings were not 
pathognomonic. In our opinion painless coronary occlusion is, therefore, relatively 
uncommon. 

Among the symptoms which occurred at the time of the accident in the group 
of seventeen undoubted cases, the most common were dyspnea, nausea and vomit 
ing, dizziness and fainting or collapse. 

AUTHORS. 


Lisa, James R., and McPeak, Elsie: Acute Miliary Infarction of the Heart. 
Arch. Int. Med. 65: 919, 1940. 


An acute lesion of the myocardium called miliary infarction is reported. It 
was found in ninety-nine cases and was usually associated with the clinical 
syndrome of sudden left ventricular failure. The material reviewed consisted of 
2,857 cases in which autopsy was performed; it was divided into two main 
groups: 1, eases in which coronary arteriosclerosis was present and 2, cases 
in which this condition was not present. The first group was subdivided into a 
eardiac-sclerotic group and a nonecardiac-sclerotic group on the basis of clinical 
symptomatology. The lesion was most frequent in the cardiac-sclerotie group, 
much less so in the noncardiac-sclerotic group and least frequent in the non- 
sclerotic group. In the cardiac-sclerotic group its incidence was equal to that 
of acute coronary thrombosis. The greatly hypertrophied heart with marked 
sclerosis of the coronary arteries seemed the most susceptible to the occurrence 
of the lesion. 

In seventeen of the ninety-nine cases, thrombi or emboli of the myocardial 
branches of the coronary arteries were found. The thrombosis was bacterial in 
one instance and malignant in another. In one case thrombosis of a main 
coronary artery was caused by a bacterial embolus arising from acute lobar pneu 
monia. An infectious nature of the myocardial lesion itself was never demon 
strated. Infections in other organs, most frequently the lungs, were present in 
the majority of cases. 

It is our opinion that the lesion in the majority of cases is toxic in nature and 
in a small percentage is due to embolism or thrombosis of the muscular branches 
of the coronary arteries, usually, even in this group, associated with infection. 

AUTIIORS. 


Spillane, J. D., and White, Paul: Atypical Pain in Angina Pectoris and Myo- 
cardial Infarction. Brit. Heart J. 2: 123, 1940. 


Disease of the coronary arteries may manifest itself by paroxysmal, extra 
thoracic pain on effort. Twelve cases are described in which bouts of pain in one 
or both arms were, for varying periods of time, the only manifestation of ill 
health. Such pains, constricting in character, appear suddenly on exertion; they 
are felt usually at the wrists, forearms, or elbows, and are relieved by rest or nitro 
glycerine. Fatal attacks may ensue, attacks in which the pain remains located in 
the arm. In others typical anginal paroxysms or cardiac infarction subsequently 
develop. 
cardiac infarction is frequently complicated by 


Classical angina pectoris or 
persistent pain in the shoulder and upper arm. This pain is of a dull, aching 
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character, diffusely felt, usually on the left side in left-sided and on the right side 
in right-sided attacks. The pain bears no direct relation to exercise and is not 
relieved by nitroglycerine. It may precede or follow angina pectoris or cardiac 
infarction by weeks or even by years. Ten cases are described in which chronic 
shoulder and arm pain was followed, five months to five years later, by typical 
angina pectoris. This pain may be ineapacitatingly severe during accesses of 
coronary insufficiency and may then be the outstanding therapeutic problem. 
Fifteen cases of similar pain following angina pectoris or cardiac infarction are 
recorded. 

The mechanism of the chronic pain is obscure. <A local lesion of the shoulder 
or arm can rarely be demonstrated, though exacerbation of a _ pre-existing 
subacromial bursitis may be the explanation in some cases. Often the pain may 
be interpreted as one of the varied referred phenomena encountered in the 
arms in angina pectoris and cardiae infarction. 

AUTHORS. 


Micks, R. H.: Congenital Aneurysms of All Three Sinuses of Valsalva. Brit. 
Heart J. 2: 63, 1940. 


A ease is described in which aneurysms, or more correctly gross dilatations, of 
all three sinuses of Valsalva were present. 

The left ventricle was considerably hypertrophied, but apart from this and the 
aneurysms the heart was healthy. There was no evidence of syphilis or endo- 
earditis, recent or old-standing. There were no perforations or abnormal com- 
munications between the chambers of the heart. 

The aneurysms were deep (nearly 5-0 em.) pocket-like extensions of the sinuses 
of Valsalva in a downward direction. They excavated the smooth-walled part 
of the ventricle described as the aortie vestibule, but not the thick trabeculated 
portion of the wall. Their symmetry, their endocardial lining, and the absence of 
syphilitic or uleerative changes were strongly suggestive of a congenital ab- 
normality. 

The aneurysm of the left sinus measured over 60 ¢.c. in volume. It formed 
a prominence on the surface of the heart to the left of the pulmonary artery. 

The aneurysm of the right sinus measured 15 ¢.c. in volume. It bulged into 
both the right auricle and the right ventricle. The presence of this aneurysm in 
the interventricular septum is believed to have produced the heart block from 
which the patient died. 

The aneurysm of the posterior sinus measured 9 e.c. in volume. It bulged 
into both the right and left auricles. 

The patient was free from symptoms of heart disease till a few months before 
his death. He died from acute eardiae failure and complete heart block, and 
during his last illness several interesting disturbances of rhythm occurred. 

Records of three other cases of aneurysm of all three sinuses of Valsalva have 
heen found and discussed. In all the degree of dilatation was considerably less 
than in the case here recorded, and the direction of the excavation appears to have 
been different. 

AUTHOR. 


Braunstein, Albert L., and Townsend, Stuart R.: Bacterial Endocarditis Super- 
imposed on Syphilitic Aortic Valvulitis. Arch. Int. Med. 65: 957, 1940. 


The clinicopathologie observations of bacterial endoearditis (acute and sub- 


acute) superimposed on syphilitie aortie valvulitis are presented in detail. 
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To the eleven cases found in the literature, nine of our own have been added, 
the total of twenty ‘‘proved’’ cases including seven of acute and thirteen of sub- 
acute endocarditis. 

That the diagnosis may be concomitant existence of the two conditions may be 
suspected when in the presence of syphilitic aortic valvular insufficiency a 
gradually progressive anemia exists with slight daily intermittent rises in tem- 
perature which cannot be explained by any other observations. Frank evidence of 
baeterial endocarditis in the presence of syphilitic aortic insufficiency usually 
bespeaks the involvement of a valve other than the aortic. 

The pathogenesis of bacterial endocarditis is discussed in relation to our nine 
eases, and possible reasons for the infrequency of the simultaneous occurrence of 
syphilitic aortie valvulitis and bacterial endocarditis are presented. 
AUTHORS. 


Gross, Harry, and Engelberg, Hyman: Essential Hypertension. A Comparison 
of the Hypertensive and Non-Hypertensive Phases Following Coronary Throm- 
bosis. Am. J. Med. Se. 199: 621, 1940. 


An analysis is presented of 100 autopsied cases of hypertension, and severe 
coronary artery disease studied for the effect of the blood pressure on the subse- 
quent course. All the cases had eardiae hypertrophy and marked myocardial 
damage. 

Ninety cases had chronic congestive heart failure. The high incidence of heart 
failure is due partly to the type of patient admitted to Montefiore Hospital. 
The onset of heart failure frequently followed an acute coronary occlusion. This 
veeurrence was so striking that in cases of chronie coronary selerosis when heart 
failure begins rather abruptly a silent coronary occlusion should be suspected. 

There were twenty-four cases with terminal acute coronary closure and in these 
the course of blood pressure was known for at least one year prior to death. 
Fifteen had hypertension persisting up to the final closure, seven had low blood 
pressure for several months prior to the closure and in two the blood pressure 
varied in the preceding year. 

Analysis of the course of blood pressure subsequent to acute 
Fighteen cases had persistent hypertension (after recovery 
low blood pressure, and in ten 


eoronary oec- 


clusion was made. 
from the initial drop), twelve had permanently 
the pressure varied. The same variations in the course of hypertension occurred 
when no acute occlusion could be diagnosed clinically with certainty. 

Twenty-one of the 100 cases died suddenly. Many of these had the clinical 
picture of acute coronary thrombosis but in only four of this group was a terminal 
closure found following coronary thrombosis. 

The subsequent blood pressure in hypertensive cases following coronary 
thrombosis had no effect on longevity, or on the occurrence, severity, and duration 
of heart failure. Neither was there a definite relation between the course of 
blood pressure and the heart weight and the duration of failure. Physiologic 
factors undoubtedly play a role in adjusting the work of the heart to a restoration 
or a permanent fall in the blood pressure. These factors have been discussed. 

AUTHORS. 


Nesbit, Reed M., and Ratliff, Rigdon K.: Hypertension Associated With Uni- 
lateral Nephropathy. J. Urol. 43: 427, 1940. 


Numerous cases of hypertension have been reported associated with chronic 
Vascular changes within 


sclerosing pyelonephritis, both unilateral and bilateral. 
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the infected kidney associated with hypertension have been reported by most 
observers. The authors present several cases exhibiting these same vascular 
changes in chronically infected kidneys without associated hypertension. 
Nephrectomy appears to be a justifiable procedure in cases of unilateral 
pyelonephritis with associated hypertension, with reasonable hope for improvement 
provided the functioning capacity of the remaining kidney is unimpaired. 
SCHWARTZ. 


Blalock, Alfred: Experimental Hypertension. Physiol. Rev. 20: 159, 1940. 


This is « comprehensive review of experimental hypertension, particularly 
that produced by renal ischemia. 
NAIDE. 


Leuth, Harold L.: Thrombosis of the Abdominal Aorta. A Report of Four Cases 
Showing the Variability of Symptoms. Ann. Int. Med. 13: 1167, 1940. 


Four cases dying from thrombosis of the abdominal aorta are reported. The 
youngest was a man of 45, who, for many years, had had rheumatic heart disease 
with aortic and mitral valvular disease and auricular fibrillation. Pathologically 
there was extensive atheromatous degeneration of the aorta. The second case, a 
56-year-old male, dying 36 hours after the amputation of his second leg, showed 
at post mortem, extensive sclerosis of the aorta, with a saddle thrombus extending 
into the iliacs, a thrombus in the inferior vena cava, and a bronchogenic carcinoma 
of the lung. The other two cases were 71 and 80 years old respectively, with high 
grade atherosclerosis of the abdominal aorta. While thrombosis of the aorta is 
not a common condition, nevertheless it is not such a rare disease that it can- 
not be recognized ante mortem, 

McGovern. 


Conner, Lewis A.: Thrombophlebitis and Its Pulmonary Complications. New 
England J. Med. 222: 125, 1940. 


This is a report of 1,540 cases of typhoid fever with phlebitis occurring in the 
author’s experience, at the turn of the century, when typhoid fever was a major 
health problem in New York City. He states that of this group of 1,540 cases 
there were sixty-three cases with suggestive evidence of pulmonary embolism. 
There is nothing new in this paper, except perhaps the mention of heparin as an 
anti-coagulant. 

McGoveERN. 


Dick, G. F., and Freeman, G.: Temporal Arteritis. J. A. M. A. 114: 645, 1940. 


Two cases of temporal arteritis in elderly females are reported. This disease 
is a chronic inflammatory process, involving the temporal arteries, with extension 
to the other vessels of the scalp, face, arms, and retinae; it is self-limited, lasting 
several months. There is a characteristic pathologie picture in which giant cells 
are a prominent feature. Photomicrographs accompany the description. 


McGovern. 


Crile, G., Jr., and Newell, E. T.: Abdominal Apoplexy: A Spontaneous Rupture 
of a Visceral Vessel. J. A. M. A. 114: 1155, 1940. 


A patient with severe essential hypertension and advanced arteriosclerosis had 
spontaneous abdominal apoplexy four days after a celiac ganglionectomy was per- 
formed. On operation a large hematoma was found lying between the leaves 
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of the mesocolon and involving the transverse colon for a distance of six inches. 
The patient recovered but suecumbed one month later to a cerebral hemorrhage 
following extraction of a tooth. References are given to ten cases of abdominal 
apoplexy associated with arteriosclerosis and hypertension which have been 


previously reported. 
McCGovERN. 


Neiman, Benjamin H., and Marks, Meyer B.: Productive Aortitis With Multiple 
Aneurysms in a Child. Am. .J. Dis. Child. 59: 571, 1940. 


A ease of productive aortitis with four thoracie aneurysms in an 11-year-old 
girl, is presented in detail. Syphilis is suggested as a cause, but no congenital 


stigmata of syphilis were shown to exist. 
SCHWARTZ. 


Fallis, L. S.: Mesenteric Thrombosis Operation: Recovery. Report of Two 
Cases. Am. J. Surg. 47: 128, 1940. 


The report deals with mesenteric thrombosis in two males of 25 and 60 years 
of age, respectively, with extensive gangrene of the small intestine, resection of 
the gut and recovery. The most outstanding clinical symptom was abdominal 
pain. The vomiting that accompanied the pain was of secondary importance in 


making the diagnosis. 
SCILWARTZ. 


Dunphy, J. Englebert, and Whitfield, Robert D.: Mesenteric Vascular Disease. 
Am. J. Surg. 48: 632, 1940. 


The etiology and pathology of mesenteri¢ vascular disease are reviewed briefly, 
the clinical manifestations are discussed in detail, and certain points in the 
surgical management of these cases are outlined. 

The etiologie factors involved in mesenterie vascular disease are considered to 
be not sufticiently clear to be of use in diagnosis. 

Usually the pathogenesis and gross pathologic anatomy of arterial and venous 
mesenteric vascular occlusions is similar, with slowly progressing or sudden onset 
Thus elinical differentiation is unreliable exeept for a fortuitously obvious 
etiologie factor. 

Clinieal manifestations may be divided into three groups: those which result 


from spasm or small occlusions of mesenterie arteries, so-called ‘abdominal 
angina,’’ or ‘‘abdominal intermittent elaudications’’; those which follow an exten 


sive occlusion of either a mesenteric artery or vein; and those which follow a 
result of rupture of a sclerotic artery with intraperitoneal hemorrhage, ‘‘intra- 
abdominal apoplexy.’’ 

SCHWARTZ. 


Oard, Harry C., Campbell, C. Russell, and Dealy, Frank N.: Traumatic Complica- 
tions in Peripheral Vascular Disease. Am. J. Med. Se. 199: 194, 1940. 


Because of the altered physiology in extremities afflicted with obliterating 
arterial disease, many ordinary therapeutic measures cause injury and produce 
open lesions. Since development of open lesions on poorly nourished limbs entails 
great economic loss, prolonged morbidity, and a high death rate, every effort 


should be made to eliminate trauma in patients with peripheral vascular disease. 
ScHWARTZ. 
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King, E. S. J.: A Single Coronary Artery. Brit. Heart J. 2: 79, 1940. 


A case of a ‘‘single’’ right coronary artery has been described and also its 
distribution to the myocardium. The large artery immediately divided into three 
branches. The main vessel took the usual place of the right coronary artery 
and of most of the circumflex branch of the left coronary artery. The inter- 
mediate vessel took the place of an, anterior branch of the right coronary artery. 
The third, passing along the usual site of the small conus anastomosis, took the 
place of the anterior descending branch of the left coronary artery. 
AUTHOR. 


Kile, R. L., and Rusk, H. A.: A Case of Cold Urticaria With an Unusual Family 
History. J. A. M. A. 114: 1067, 1940. 


In an unusual case of allergy to cold, in which therapy was unsuccessful, the 
interesting point is made that of forty-seven members of the family, twenty-three 
gave history of urticaria. 


McGoveERN. 


Smithwick, Reginald H.: Surgery of the Sympathetic Nervous System With 
Particular Reference to Vascular Disease. New England J. Med. 222: 546, 
1940. 


An evaluation of the procedure of interruption of sympathetic pathways in man 
leads the author to the conclusion that sympathetic denervation of the extremities 
is particularly useful for circulatory disorders such as Raynaud’s disease, certain 
eases of thromboangiitis obliterans, certain of the causalgias, arterial embolism, 
sealenus anticus syndrome, and in some cases acute thrombophlebitis of femoral 
and iliac veins. In extreme hyperhydrosis sympathectomy often yields im- 
pressive clinical results. Although excellent results have been reported, the true 
value of sympathectomy as a form of treatment of essential hypertension in man 
will not be known for several vears. Paravertebral alcohol injection is preferred 
for treatment of intractable angina pectoris because of the lower mortality than 
sympathectomy. 

SCHWARTZ. 


Gross, Robert E., Emerson, Paul, and Green, Hyman: Surgical Obliteration of a 
Patent Ductus Arteriosus in a Seven-Year-Old Girl. Am. J. Dis. Child. 59: 
544, 1940. 


Most patients with patent ductus arteriosus show little or no disability during 
childhood, although atheromatous plaques may be built up in the pulmonary artery, 
which may later be the site of bacterial vegetations. The patent ductus may 
so exert the heart that decompensation oecurs later. These sequelae may be 
avoided if operative ligation of the ductus can be performed early in life. Four 
such patients have been successfully subjected to this procedure without mortality 
and without complication. One of these cases is here reported in detail. 


McGoveERN. 


Ochsner, Alton, and Smith, Marvin C.: The Use of Vitamin B, for the Relief of 
Pain in Varicose Ulcers. J. A. M. A. 114: 947, 1940. 


The oral administration of vitamin B, to ten patients with painful varicose 


ulcers resulted in complete relief of symptoms in eight. 
NAIDE. 
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